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CnOCOB AHAJ1H3A TA30B H HOHH3AU.HOHHLIH flETEKTOP JSJUl ETO 

OCyiU,ECTBJIEHKH 

06jiaCTI» TeXHHKH, K KOTOpOH OTHOCHTCH H306peTHHe 

npejuiaraeMoe H3o6peTeHne othochtch k cpeflCTBaM onpe/jejieHHa cocrraBa ra30Bbix 
cMecefi h no3BOJiaer npoH3BOAHTB KanecTBeHHbiH h KOJiHHecTBeHHbiH aHajiH3 XHMHHecKoro co- 
CTaBa npHMecefl b ochobhom ra3e, 

YpOBeHb TeXHHKH 

H3BecTHBi pa3JiHHHBie cnoco6H aHanH3a ra30B, b KOTopwx hx xhmhhcckhh cocraB on- 
peAejmeTCH nyreM Macc-aHajiH3a hohob, o6pa3yiomHxca npH H0HH3aimH 3Toro ra3a, cm., Ha- 
npHMep, [1]. H3MepeHHe TOKa hohob, pa3flejieHHbix no oraomeHHio 3ap5ma k Macce, no3BOJiaeT 

OnpeAeJIHTb KaHeCTBeHHblH H KOJlHHeCTBeHHLIH COCTaB ra30BOH CMeCH. 06mHM C 3aHBJiaeMB>IM 

H3o6peTeHHeM npH3HaKOM yica3aHHbix cnoco6oB hbjmctch HOHH3aijHH npHMecefi b 
HOHH3aimoHHOH KaMepe. He^ocTancoM yica3aHHHX aHajioroB hbjihiotch 3HaHHTejibHwe pa3Mepw 
fleTeKTopa, t.k. hohh c pa3HMM cooTHoiueHHeM 3ap*ma k Macce ceneKTHpyioTCH h pa3fle.nbHo 
^eTeKTHpyioTCH b Macc-cneicrpoMeTpe npH npoJieTe no HeKOTopofi TpaeieropHH, HMeiomefi 
onpe^ejieHHyio AJiHHy. Taicace He^ocTaTKOM hbjihctch Heo6xo^HMOCTb nojxaep^KaHRH 
AOCTaTOHHO BbicoKoro BanyyMa Ha 3toh TpaeicropHH, hto6w hohbi He onoioHUJiHCb npn ctojik- 

HOBeHHHX C OCTaTOHHBIM ra30M. 

flpyraM cnoco6oM onpeaejieHHa XHMHHecKoro cocraBa ra3a hbsislctcsl H3MepeHHe KHHe- 

THHeCKOH SHepiHH 3JieiCTpOHOB, B03HHKaK)mHX npH HOHH3aUHH ra3a, eCJIH 3HeprHH B036y>K- 

Aaiomwx nacTHU, b HacTHOcra, <t>OTOHOBj(|>HKCHpoBaHa (cm. HanpHMep, [2]). Pa3Hocrb Meacijy 
H3BecTHOH 3HepraeH 4>otohob h H3MepeHHOH KHHeTHHecKOH SHepraefi sjieiopoHOB AaeT HH- 




4>opMauHio o noTemmajiax HOHH3auHH MOJieKyji hjih aTOMOB ra3a, no kotopmm h onpeaejunoT 
cocraB CMecH. PacnpeaejieHHe 4>OT03JieirrpoHOB no SHepran h H3BecrHBie ceneHira $otohohh- 
3aimH no3BojwioT TaioKe onpeaejiHTb napiuiajiBHBie KOHueHTpauHH KOMnoHeirroB aHajiH3Hpye- 
Moro ra3a. 06mHMH c 3ajiBjmeMBiM M3o6p eTeH hcm npH3HafcaMH HBJiaiOTca HOHH3auHH npHMecefi 
b HOHH3auHOHHofi KaMepe h H3MepeHHe TOKa. He^ocTaTKOM 3Toro cnoco6a ^bjmiotch 
3HaMHTejiLHBie pa3Mepti AereKTopa, t.k. aHa>iH3 3JieiopoHOB no SHepnoj TaioKe npoHcxoam: b 
nponecce npojieTa no HeKOTopofi TpaeicropHH, HMeiomefi onpeaejieHHyio jumny, IIpH 3tom 
TaK^ce Heo6xoOTMo nojmepacHBaTB flocraTOHHo bbicokhh BaicyyM Ha 3Tofi TpaeicropHH, htoSbi 

3JieKTpOHH He OTKJIOHJIJIHCB npH CTOJIKHOBeHH^X C OCTaTOHHBIM ra30M. 

H3BecTHfci HOHH3auH0HHi>ie fleTeicropBi, KOTOptie no3BOJiHK)T onpe^ejiHTB HaJlHHHe npn- 
MecH b ra3e no H3MeHeHHK> HOHH3aijHOHHoro -roica npH*B036y5KfleHHH 3Toro ra3a, HanpHMep [3- 
6]. 3th AeTeicropbi HMeioT MajiBie pa3MepBi h Moryr pa6oTaTB npn pa3JiHHHOM aaBneHHH, 
bidiotb ao arMOc4>epHoro. HaH6ojiee 6jih3khm no coBOKynHOCTH cymecTBeHHBix npH3HaKOB k 
3anBJMeMOMy H3o6pereHHK> flBjiaerca naTeHT CUIA 5,532,599 [7], BBi6paHHBifi 3a npoToran. 

06nmMH C 3MBJWeMBIM H306pereHHeM npH3HaKaMH JIBJIfleTCfl TO, HTO HOHH3HpyiOT aTOMBI HJIH 

MOJienyjiBi npHMecefi npn ctojikhobchhhx c HacroijaMH onpeflejieHHofi SHepran (MeTacraGHJi b- 

HBIMH aTOMaMH reJIHa) B HOHH3aUHOHHOH KaMepe, H3Mep*K>T TOK Ha 3J3eKTpOA, HaXOAHlUHHCi! B 

yica3aHHOH KaMepe, b 3aBHCHM0CTH ot noaaBaeMoro Ha Hero HanpiDKemui, onpe^ejunoT HajiH- 
HHe npHMecefi no TOKy Ha 3Jieiapofl. OflHaKO yKa3aHHBifi npoToran no3BOJweT tojibko ycTaHo- 
bhtb 4>aicr noHBJieHHH npHMecH b ochobhom ra3e h He no3BOJiaeT npoBecTH HenocpeflCTBeHHo 
ee KaHecTBeHHHH aHajiH3 OmeHTH^HKauHH MOJieKyji hjih aTOMOB npHMecefi) h KojiHHecrBeH- 
HBift aHaJiH3 (onpe^eJieHHe KOHueHTpauHH npHMecefi)/ 

CymHocTb M3o6peTeHHH 
IIpeflJiaraeMoe H3o6peTeHHe HMeeT uejiBio C03#aHHe cnoco6a aHajiH3a xwMHHecKoro co- 

CTaBa ra30B, KOTOpBIH 6BI n03BOJIHJI npOBOflHTB KaHeCTBeHHBIH H KOJIHHeCTBeHHBIH aHaJIH3 1UH- 

poKoro KJiacca BemecTB b uinpoKOM AHana30He aaBJieHHfi BnjiOTb no aTMOC^epHoro h BBiuie, a 




TaKHce HOHH3auHOHHoro ^ereKTopa ajw ocymecTBJieHKW npefljioaceHHoro cnoco6a, kotopwh 6bi 
hmcji MaxtBie pa3Mepbi, npocryK) KOHcrpyicuHio h Mor pa6oTan> b iuhpokom flHana30He 
aaBJieHHH aHajiH3HpyeMbix ra30B, b tom HHCJie, 6e3 Hcnojib30BaHH* cpe^cTB BaKyyMHofi oncaH- 
kh. IlpeAnaraeMMH cnoco6 aHajiH3a cocraBa ra30B h HOHHSaunoHHbiH joteTeicrop Ha ero ocHOBe 
MOiyr 6bm> Hcnojib30BaHbi KaK b Kanecrae caMocroflTejibHoro cpeflCTBa aHajuoa, Tan h b ra30- 
bbix xpoMaTorpa4>ax, aHajiH3aTopax aTOMapHoro cocraBa npo6u b HcronHHicax c HHjxyKTHBHO- 
cB^3aHHOH iuia3MOH, aHajiH3aTOpax cocraBa TBepflbix o6pa3ijOB, BKjnonafl cnjiaBbi, h b cpeacr- 
Bax KOHTpojia ra30Bofi cpejjbi b pa3JiHHHMX TcxHOJiorHM cckhx npoueccax. 

fljw peuieHHH nocraBJieHHOH 3aziaHH b h3bccthom cnoco6e aHajiH3a npHMeceii b ra3e, 

3aKJIK)HaiOmeMCH B TOM, HTO HOHH3HpyK>T aTOMbl HJIH MOJieKyJIH npHMecefi npH CTOJIKHOBeHH^X 

c Hacrrai^aMH onpeaejieHHofi 3HepraH b HOHH3auHOHHofi KaMepe h H3Mep>noT tok Ha oahh H3, 
no KpafiHeft Mepe, joByx 3JieiapoA0B, HaxoAHiimxca b yica3aHHOH KaMepe, b 3aBHCHMOCTH ot 
npHJio^ceHHoro MCTKjxy 3JieicrpoAaMH HanpaaceHHH, corJiacHO npe^jiaraeMOMy H3o6peTeHHio, 
flaBJieHne ocHOBHoro ra3a h npocTpaHCTBeHHyio KOH^Hrypaumo HOHH3aijHOHHOH KaMepw bm- 
6npaK)T TaK, hto6h paccroflHHe ot jik>6oh tohkh BHyrpn hohh3 aijH ohh oh KaMepu ,ao SnHHcafi- 
niefi creHKH hjih oflHoro H3 yKa3aHHbix saeiopoflOB 6wio MeHbine cpe^HeB ajihhm 
nepeMemeHHm ajieiopoHOB no MOMeHxa noTepH 3a#aHHOH aojih KHHeroHecKOH 3HepraH, o6ec- 
neHHBaiOT SKBHnoTeHUHajibHOCTb toh o6jiacTH npocrpaHCTBa HOHH3auHOHHOH KaMepbi, r#e 
npoHcxojaaT HOHH3HpyK>ume cTOJiKHOBeHHfl, no 3aBHCHMOcra TOKa ot npHJio^ceHHoro Me>K^y 
3JieKipoAaMH Hanp^Hcemw onpe^ejiniOT kojihhcctbo aneiopoHOB c xapaierepHCTHHecKHMH 3Ha- 

HeHHHMH 3HeprHH, B03HHKaiOmHX npH HOHH3aU^HH yKa3aHHBIX aTOMOB HJIH MOJieKyJl, CyjSflT o 

cocraBe npHMecefi no napaMerpaM sthx 3JieiopoHOB. CoraacHo aaHHOMy TexHHHecKOMy peuie- 
hhk) mo3kho npOBO^HTb Kan ecTBeHHbiH h KOJiHHecTBeHHbifi aHanH3 ninpoieoro miacca ra3oo6- 
pa3Hbix npHMecefi npn Bbi6ope pa3JiHHHbix bkwob ocHOBHoro ra3a h 3HaneHHH ero 
KOHijeHTpaijHH, npn 3tom peaJiH3ai#w cnoco6a npocTa h KOMnaKraa, t.k. TpeGyioTca tojibko 




aaeieipo,m>i, hctohhhk HOHH3npyiomHX nacrou c onpeflejieHHOH 3Hepraeii h cpeacTBa H3Mepe- 
hhh TOKa b 3aBHCHMOCTH ot no^aBaeMoro HanpHHceHHH. 

B HacTHocxH, corjiacHO npefljiaraeMOMy H3o6peTeHHK>, b KanecTBe ocHOBHoro ra3a hc- 
noJib3yK)T HHCpTH&iH ra3, t.k. HHepTHMfi ra3 He BCTynaeT B'peaKUHio c aTOMaMH hjih MOJieKy- 
qaMH npHMecefi h He HCKaacaeT pe3yjiKraTOB KanecTBeHHoro h KOJiHnecTBeHHoro aHajiH3a. 
KpOMe Toro, B036yaczieHHbie ypoBHH HHeprabix ra30B HMeiOT, KaK npaBHJio, 6ojibiiiyK> 3Hep- 
raio, neM SHeprHH 3JieicrpoHOB, o6pa3yiomHXCH npH HOHH3autHH npHMeceg. TIo3TOMy Heynpy- 
rae CTOJiKHOBeHPW 3thx 3JieKTpoHOB c aTOMaMH ocHOBHoro ra3a He npoHcxozwT h hx 
xapaicrepHCTHHecKaH 3Hepraa He HCKaaeaeTCfl. TaioKe MeTacra6HJibHbie aTOMbi HHepraoro ra3a 
o6jiaaaioT 3HepraeH, flocrraTOHHOH HomoaimH 6ojibuiHHCTBa xhmhhcckhx coe/mHeHHft, hto 
no3BonaeT npH B036yacfleHHH HHepraoro ra3a Hcnojib30BaTb ero o;moBpeMeHHO h KaK hctoh- 
hhk nacTHU onpeaejieHHOH SHepran wx HOHH3auHH npHMeceii. 

B HacTHocTH, corjiacHO npeOTaraeMOMy H3o6peTeHHK>, b KanecTBe ocHOBHoro ra3a hc- 
nojib3yioT rejiHft. MeTacTa6HjibHbie aTOMbi rejiHH oSjiaaaioT 3Hepraefi, aocTaTOHHOH asm hohh- 
3aimH Bcex ra30B, KpOMe HeoHa, hto no3BOjmeT c hx noMoiubio aHajiH3HpoBaTb iuhpokhh KJiacc 
BemecTB. 

B HacTHocra, coraacHo npeanaraeMOMy H3o6peTeHHio, Hcnojib3yioT ochobhoh ra3 npn 
^aBjieHHH ot 10 jio 10 5 Ila h Bbime. 3to no3BOJineT npn HeoSxoflHMocTH OTKa3aTbCH ot 
cpeACTB BaKyyMHoft OTKaHKH oth pa3pjDKeHira ra3a h ynpocTHTb aHajiH3. 

B nacTHocTH, corjiacHO npe;yiaraeMOMy H3o6peTeHHK>, npHJio^ceHHoe Hanpn^ceHHe Me- 
yKjsy yKa3anHbiMH 3JieicrpoAaMH H3MeHflK>T b ,zmana30He ot 0 ao nopora hohh3&uhh ochobhoto 
ra3a, a kojikhcctbo 3JieKTpoHOB c xapaicrepHCTHHecKHMH 3HaneHHHMH 3Heprnn onpeaejiaioT no 
BTopoH npoH3BOAHofi 3aBHCHM0CTH TOKa ot npHjioaceHHoro HanpaaceHHa. 3to no3BOJiaeT npo- 
ctbimh cpeACTBaMH npoBOflHTb KanecTBeHHbiH h KOJiHHecTBeHHbifi aHajiH3 npHMeceii. 

B HacTHocra, corjiacHO npejyiaraeMOMy H3o6peTeHHK), co3^aHH^ 3KBHnoTeHunajib- 

HOCTH yKa3aHH0H 06jiaCTH npOCipaHCTBa HOHH3aiJHOHHOH KaMepbl HCnOJIb3yK>T HMnyjIbCHblH 



HCTOHHHK 3HCpFHH JSJIX o6p330BBHHH B HOHH3aiJHOHHOH KaMepe njia3MH IIOCJieCBeHeHHH, aTOMbl 

hjih MOJieKyjnj npHMeceft HOHH3Hpyiar npn ctojtkhobchhhx c Meracra6HJibHbiMH aroMaMH hjih 
MOJiexyjiaMH ochobhoto raja, o6pa30BaBniHMHCJi npn bosachctbhh yKa3aHHoro HMnyjibCHoro 
HCTOHHHKa, yKa3aHHHH tok H3MepaioT c 3aflep)KKOH nocjie B03^eHCTBiw yKa3aHHoro HMnyabc- 
Horo HCTOHHHKa 3HeprHH, npn 3tom o6ecneHHBaK)T Tanyio KOHueHTpauHio h TeMnepaiypy 3a- 
p^DKGHHbix nacTHU b yica3aHHOH njia3Me nocjiecBeneHKH b momcht H3MepeHHa, hto #e6aeBCKHfi 
pa^zmyc MHoro MeHbuie xapamrepHbix pa3MepoB HOHH3auHOHHOH KaMepw. 3to oahh H3 BapnaH- 
tob co3AaHHH yKa3SHHOH SKBHnoTemjHajibHocrH, T.K. njia3Ma nocjiecBeneHHH o6jia^aeT cbohct- 
BaMH 3JieicrpoHeHTpajibHOCTH, a nojie BHyrpH Hee 6jih3ko k Hyuio. 3to no3BOJiaeT ynpocTHTb 
aHajno ra3a 6jiaroflapa TOMy, hto yica3aHHbiH HMnyjibCHbiH hctohhhk sHepran oflHOBpeMeHHO 
o6ecnenHBaeT nojiyneHHe b HOHH3aijHOHHOH KaMepe njia3Mbi nocjiecBeneHHa nnn BbipaBHHBa- 
hhh noTeimHana npocTpaHCTBa KaMepbi, a TaioKe MeTacraGHjibHbix aTOMOB hjih MOJieicyji oc- 
hobhoto ra3a c onpeaejieHHofi 3HeprHefl, Koropbie HOHH3HpyioT aTOMbi hjih MOJienyjibi 
npHMecefi. 

B nacTHOCTH, coraacHO npeflJiaraeMOMy H3o6p©TeHHio, b KanecTBe yKa3aHHoro hm- 
nyjibCHoro HCTOHHHKa SHepran Hcnojib3yiOT HMnyjibCHbiH ra30Bbifl pa3paa Meamy yKa3aHHMMH 
3jieicipoAaMH - npocTefiiHHH hctohhhk njia3Mbi h MeTacTa6HJibHbix aTOMOB. 

B HacTHocra, coraacHO npe/uiaraeMOMy H3o6pereHHK>, b KanecTBe yKa3aHHoro hm- 
nyjibCHoro HCTOHHHKa SHepran Hcnojib3yiOT HMnyjibCHoe Jia3epHoe H3JiyHeHHe, co3aaiomee 
nna3My Meamy yKa3aHHbiMH 3Jieiopo^aMH. 3to no3BOJiaeT pacmnpHTb AHana30H aHaJiH3Hpye- 
mhx BemecTB h OTana30H bo3mo>khbix KOHueHTpauHH onpeaejiaeMbix npHMecen. 

B nacTHOCTH, comacHo npeAJiaraeMOMy H3o6peTeHHio, HOHH3HpyK>T aTOMbi hjih MOJie- 
Kyjiw npHMeceft npn oSjiyneHHH mia3Mbi nocjiecBeneHHH $OTOHaMH 3a^aHHOH sHepran ot 
BHemHero HCTOHHHKa. 3to no3BOJifleT HaSjnoaaTb flonoJiHHTenbHbie rpynnw sjieicrpoHOB co 
cbohmh xapaicrepHCTHHecKHMH 3HeprRAMH, OTJiHnaioiixHMHCH ot 3HeprHH 3JieKTpoHOB, o6pa- 




3yionmxcH npH HomoauHH npHMeceft MeracTa6HJibHMMH etom^mm ochobhoto ra3a h, tskhm 
o6pa30M, pacninpHTb bo3mo5khocth aHajiH3a. 

B nacTHOCTH, corjiacHO npeAJiaraeMOMy H3o6peTeHmo 5 HOHH3HpyK>T aroMbi hjih Mojie- 
Kyjifa npHMecefi npH oSjiyneHHH 4>OTOHaMH, pe30HaHCHHNiH pjw aTOMOB hjih MOJieicyji ochob- 
Horo ra3a. 3to no3BOJiaeT noBbicHTb 34>4>^kthbhoctl HOHH3auHH npHMeceii $oTOHaMH 3a cneT 
yBejiHHeHHH ajihhm npo6era 4>otohob b HOHH3aijHOHHOH KaMepe h yBeuHHHTE HyBCTBHTejib- 

HOCTb. 

B nacTHocTH, corjiacHO npeanaraeMOMy H3o6peTeHHio, Hcnojib3yK>T yica3aHHbie 3jieic- 
xpoflM nJiocKOH 4>opMbi, pacnojio>KeHHbie napajuiejibHo flpyr apyry h o/moBpeMeHHo Bbinoji- 

HHK>mHe pOJIb CTeHOK HOHH3aUHOHHOH KaMepbl. 3TOT BapHaHT ^OpMbl H OTHOCHTeJIbHOrO 

pacnanoHceHHH yKa3aHHbix 3JieicrpoflOB HanSojiee npocroft, xoth, corjiacHO npejuiaraeMowy 

H306peTeHHK), BO3M03KHO MHCOKeCTBO ApyTHX KOH^HTypaUHH. 

B nacTHOCTH, corjiacHO npefljiaraeMOMy H3o6peTeHHK>, b H0HH3aijHOHHOH KaMepe yera- 

HaBJIHBaiOT N H3OJ3Hp0BaHHHX KaTOflOB, Ha KaHCflblH H3 KOTOpblX nOflaiOT HH^HBH^yaJIbHOe 3Ha- 

neHHe HanpraceHHjj oraocHTejibHO o^Horo hjih HecKOJibKHX aHOflOB, H3MepnioT tok Ha Kaambifi 
H3 yica3aHHbix NicaTOAOB, no coBOKynHocTH H3MepeHHbix 3HaneHHH TOKa HaxoAHT KOJinnecTBo 

SJieKipOHOB C XapaKTepHCTHHeCKHMH 3HaHeHHHMH 3HeprHH, B03HHKaK>mHX npH HOHH3aiJHH 

yKa3aHHbix aTOMOB hjih MOJieicyji npHMeceft. 3to no3BQjraeT yBejimmTb CKopocTb aHajiH3a b N 
pa3. 

B nacTHOcra, corjiacHO npejmaraeMOMy H3o6pereHHio, pa3MemaK>T npoBOj^amyio cericy 
Meacay yKa3aHHbiMH sjieicrpoflaMH h 3JieKTpHHecKH coeAHHtfiOT ee c aHOflOM jinn co3aaHH* 3K- 
BHnoTeHUHajibHoro npocrpaHCTBa Meacay hhmh, HOHH3HpyioT aTOMbi hjih MOJieicyjibi npHMecen 
npn o6jiyneHHH npocnpaHCTBa Meamy cencoH h aHOAOM HeHTpajibHWMH nacrauaMH 3aaaHHOH 

3HeprHH OT BHeiHHerO HCTOHHHKa. 3TO eiUie OflHH BapHaHT C03#aHH£ 3KBHnOTeHIJHaJIbHOCTH TOH 

o6jiacTH npocnpaHCTBa HOHH3aiptOHHOH KaMepw, r#e nponcxoflHT HOHH3Hpyioiime CTOJiKHOBe- 
hhh. 3tot BapnaHT no3BOJwer pa6oTaTb npn MeHbiueH KomjempaimH HOHH30BaHHbix npHMe- 
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cea h OTKaaaxtca or HcnojiwoBaHH* miasMH nocjiecBeHerow (6ecnjia7 M eHHoe AereKTHpoBa- 
HHe). TaioKe pa36poc sjieinpoHOB no sHepraH b oxcyTCTBHe njiasMBi moxct 6utb M ein,me, hto 
yjiynuiaer bosmokhocxh KanecrBeHHoro anajiHsa. B Kanecroe yieasaHHijx HefixpaJiLHHx Macron 
Moryx HcnonK30BaTBca 4>oxohbi hjih Mexacxa6HJii,HH>ie axdMw. 

B nacTHocTH, coraacHO npejuiaraeMOMy H3o6pexeHHK>, Hcnojibsyiox yicasaHHbie sjieic- 
xpoaw h ceTKy iuiocKofl 4>opMM h pacnojiaraiox hx napajwejibHO apyr apyry, npn sxom yica- 
aaHHue ajieiopoflu onHOBpeMeHHo ncnojibsyiox b KaHecxse cxeHOK HOHHsannoHHOH KaMepw. 
3xo HanSojiee npocxofi BapnaHx reoMexpHH npn peajnraauHH cnocoSa h flexeicropa. 

B nacTHocTH, coroiacHO npeflJiaxaeMOMy H3o6peTeHHio, HOHHSHpyiox axoisibi hjih MOJie- 
KyjiH npHMeceft npn o6jiyqeHHH (poxoHaMH, pesoHaHCHbiMH jum aTOMOB ocHOBHoro rasa. 3xo 
nosBOJiaex noBbiCHXb 3<p<peKTHBHocxb HOHHsamni npHMecefi poxoHaMH sa ciex yBejiHiemw 
jvhsbm npo6era $oxohob b HOHHsaimoHHofi KaMepe h yBejiHraxt TyBcxBHxeJibHocxb. 

B nacTHocTH, coraacHO npej^araeMOMy H3o6pexeHHK>, KOHxpojmpyiox sap^i, nonaB- 
hihh H a Ka-rofl, npH npeBbmieHHH saaaHHoro sHaneHHa sxoro sapw npeKpamaior HOHHsannio b 
npocTpaHcrae Moymy cexKofi h aHoaoM h npHKjiaabiBaiox 3JieKipi«ecKoe none no MOMeHTa 
yaaJieroM sapjBKeHHbix nacTHU H3 npocipaHCTBa Mexny sjieiexpoaaMH, a saxeM CHOBa B0306- 

HOBJWIOX HOHH33UHK) H HSMepeHHe TOK3. 3x0 HOSBOJiaeX nOflflepjKHBaXb 3KBHn0XeHIIHaJILH0CXI> 

xofi o6jiacxH npocxpancxBa HOHHsanHOHHofi xaMepbi, r^e nponcxoflax HOHHSHpyiomHe cxojik- 
HOBeHHa, Ha Heo6xojiHMOM ypoBHe bo H36ejKaHHe HcicaaceHHfi . 

B nacxHocxH, corjiacHo npeanaraeMOMy H3o6pexeHHK>, b HOHHaaimoHHofi KaMepe ycxa- 

HOBJIHBaiOX N HSOJIHpOBaHHBIX KaXOflOB, Ha KaJKflHH H3 KOTOpblX nOflaiOX HHOTBHflyaJIBHOe 3Ha- 

ieHHe HanpjDKeHiw oxHocnxejibHO OflHoro hjih hcckojibkhx aHoaoB h cooxBexcrayiomea omoZ 
hjih HecKOJibKHX cexoK, HSMepaiox HHflHBHflyaiibHO xok Ha Ka>KAwfi H3 yicasaHHHx Nkhtoaob, 
no coBOKynHocxH HSMepeHHwx sHaieHHH xoKa Haxoaax KOJinnecxBo sjieicxpoHOB c xapaicxepH- 

CXHieCKHMH 3HaHeHH8MH 3He P rHH, B03HHKaK>mHX n P H HOHHSaUHH yKasaHHMX aXOMOB HJIH MO- 

JieKyji npHMeceft. 3xo no3Bojuiex yBejiHHHXb cieopocxb aHajiH3a b yVpa3. 



B HacraocTH, coraacHo npejyiaraeMOMy H3o6peTeHHK), b KanecTBe npHMecn aHajiH3H- 
pyK>T cocras MaTepnajia mhhichh, pacnbuiaeivioH bo3A^hctbhcm aonojiHHTejibHoro HcroHHHKa 
3HeprHH, npH stom o6ecneHHBaiOT nocrynjieHHe npHMecn b HOHH3auHOHHyio KaMepy b cmcch c 
ochobhmm ra30M juix aHajiH3a. B KanecrBe yKa3aHHoro aortojiHHTejibHoro HcroHHHKa 3HepraH 
MOHcer Hcnojib30BaTBCH, HanpHMep, ra30BbiH pa3pflfl c aocTaTOHHOH njioTHocrbio TOKa hjih Jia- 
3epHoe H3JiyneHHe, c<J)OKycHpoBaHHoe Ha o6pa3ue, noMemeHHOM b HOHH3auHOHHyio KaMepy, 
hjih Ha oahom H3 sjieiopoflOB KaMepM juih onpeaejieHHH hx cocraBa. 3to no3BojuieT pacmHpHTb 
KJiacc BemecxB, cocraB KOToptix mcokho aHajiH3HpoBaf e c noMombio npejoyiaraeMoro cnoco6a h 
^eTeicropa. 

B HacTHocra, coraacHo npe^jiaraeMOMy H3o6peTeHHK>, Hcnojib3yioT yKa3aHHyio mh- 
uieHt b KaqecTBe KaTOfla, pacnbuiaeMoro npeflBapHTejiBHBiM njia3MeHHbiM pa3p^AOM, 3a)KHrae- 

MMM C nOMOmBK) yKa3aHHOrO AOnO^HHTeJIBHOrO HCTOHHHKa 3HCprHH. 3to n03BOJWeT 

aHajiH3HpoBa*n> cocrraB MeTajijiHHecKHX hjih npoBcymmHx o6pa3i*OB h paciunpHTb KJiacc Be- 
mecTB, npHTOAHtix juisi aHanH3a c noMombio npefljiaraeMoro cnoco6a h fleTeicropa. 

B nacTHOCTH, corjiacHO npeAJiaraeMOMy H3o6peTeHHio, Mcmeicyjibi npHMecen npeflBapn- 
tcjibho ncuBepraioT jDtHccoimamiH Ha aTOMbi b aonoJiHHTejibHOM ruia3MCHHOM pa3paae h npo- 
H3BOAHT aHanH3 aTOMapHoro cocTaBa npHMecefi. 3to no3BOJuieT npoBO/urrb KanecTBeHHBiH h 
KOJiHHecTBeHHBiH aHaiiH3 co/jepacaHHfl xhmhhcckhx 3JICM6HTOB b npo6e. 

CymecTBeHHtie npH3HaKH, xapaKTepH3yK>mHe HOHH3auHOHHbiH flereierop comacHo 
npe^naraeMOMy H3o6peTeHHK>, aHajiorHHHbi onncaHH&iM BBiuie cymecTBeHHbiM npH3HaKaM 
npe;yiaraeMoro cnoco6a aHajiH3a ra3a Ha ypoBHe TexHHnecKHx penieHHH h BbipaaceHbi b <})opMe 
npH3HaKOB, xapaKTepH3yioii^Hx ycTpoficxBO, b <J)opMyjie H3o6peTeHH*. 

IlepeneHb sepTeHceif 

Ha <D>hi\1 H3o6paEceHa 6jiOK-cxeMa HOHH3ai^HOHHoro fleTeicropa h cxeMarHHecKH noica- 
3aH nonepeHHbifl pa3pe3 HOHH3am*oHHoii KaMepbi c AByMH iuiocKonapajuieJibHbiMH sjieicTpo^a- 




mh, Me^ny KoropuMH 3aECHraercH HMrryjiBCHBifi ra30Bftifi pa3paa. npHBe^eHO TaioKe pacnpe^e- 
jieHHe 3JieiopHHecKoro noTeHiwana b iuia3Me nocjiecBeneHHa MOKfly sjieicrpoflaMH. 

Ha Oht.2 H3o6paaceHa 6jiOK-cxeMa HOHH3am*oHHoro ^eTeicropa 6e3 reHepauHH iuia3MW 
nocjiecBeneHiw h cxeMaTHnecKH noica3aH nonepenHBifi pa3pe3 HOHH3auHOHHOH KaMepw c jmyMa 
njiocKonapajuiejitHBiMH sjieierpoflaMH, Meacay kotopmmh pa3Memaercji ruiocKaa npoBo/wmaa 
cenca. B KaMepy HanpaBjiaeTca noTOK HOHH3HpyK>mHx 4>otohob ot BHeuiHero HCTOHHHKa. Ilo- 
Ka3aHO pacnpeAejieHHe aneicrpHHecKoro nous Meacfly ajieiopoflaMH. 

Ha Oht.3 H3o6pa^eHa 6jiOK-cxeMa HOHM3auHOHHoro aeTeicTopa c HMnyjibCHWM pa3pa- 
flOM Meacay niiocKonapajinejiBHHMH 3JieiopoAaMH h bha HOHH3ai^HOHHOH KaMcpBi b cxepeoMeT- 
pHHecKOH npoeKimH. KaTOA pa36HT Ha iVH30JiHpOBaHHBix cerMeHTOB, npH stom c Kaamoro m 

CerMeHTOB CHHMaiOT HHflHBHflyajIBHBIH yHaCTOK BOJIBT-aMnepHOH XapaKTepHCTHKH. 

Ha Oht.4 H3o6paaceHa 6jiOK-cxeMa HOHH3atunoHHoro aeTeKTopa c HMnyjiBCHHM pa3pa- 
ROM Meacfly ruiocKonapajiJiejiBHHMH 3JieKTpo,ziaMH h nonepenHBift pa3pe3 HOHH3auHOHHOH xa- 
Mepti, b KOTopog pa3MemaK>T N nap 3Jieicrpo,aoB KaTOfl-aHOfl. 

Ha Oht.5 H3o6paaceHa 6jiOK-cxeMa HOHH3auHOHHoro fleTeicropa 6e3 reHepaimH njia3MBi 
nocjiecBeneHHH h B*m HOHH3aaHOHHOH KaMepti c ceTKofi Meac^y KaTOflOM h aHOflOM b crrepeo- 
MexpHHecKOH npoeKUHH. KaTOA pa36HT Ha N H30JiHpoBaHHBix cerMCHTOB, a cenca h aHOfl hbjih- 
iotch o6nmMH WW Bcex N CerMeHTOB. 

Ha <Dht.6 H3o6pa»ceHa 6jioK-cxeMa HOHH3aijHOHHoro aeTeKTopa 6e3 reHepauHH nna3MBi 
nocjiecBeneHHH h nonepeHHBifi pa3pe3 HOHH3aijHOHHOH KaMepBi b cjiynae, Korm b HeB pa3Me- 
maioriVnap KaToa-aHOfl c cerocaMH Meacfly hhmh. 

Ha Oht.7 H3o6paa<eH nonepenHBrii pa3pe3 HOHitoauHOHHoro AeTeieropa h 6jioie-cxeMa 
ycTaHOBKH oth onpe^ejieHHH coeraBa npoBo^nmero o6pa3ija, pacnBiJineMoro no;* B03 jjchctbh - 
eM npeABapHTejiBHoro ra30Boro pa3p>ma. 




Ha <Dht.8 H3o6paaceH nonepeHHwfl pa3pe3 HomreaimoHHoro AeTeieropa h 6jioic-cxeMa 
ycraHOBKH jwn onpeAejieHH* 3JieMeHTHoro cocrraBa npHMecefi, KOTopBie npe^BapHTejibHo a-ro- 
MH3HpyioT b iionojfflHTejiBHOM ra30BOM pa3paae. 

Cbcachhh, noATBepHc^aiomHe bo3mohchoctb ocymecTBjieHHH H3o6pereHH5i 

TexHHHecKHe peuieHHa win peanH3aiuiH npczyiaraeMBix cnoco6a aHajiH3a ra30B h hohh- 
3aimoHHoro aereKTopa ocHOBBreaiOTca Ha HH>KecjieAyiomeH KanecTBeHHOH MoaejiH npoTeicaio- 

mHX npH 3TOM (|>H3JfHeCKHX npOIjeCCOB, CTeneHB AeTaJlH3aiXHH KOTOpOH He orpaHHHHBaeT 

niHpoKoe noHHMaHHe cymecTBeHHBix npH3HaKOB npeanaraeMoro H3o6peTeHHa. 

Ilpn crojiKHOBeHHH aTOMOB hjih MOJieKyji npHMecH A c nacTHuaMH B* y HMeiomHMH on- 
peaejieHHyio 3H eprHK> E Pt nponcxoAHT HOHH3auHa aTOMOB hjih MOJieicyji npHMecn c 
o6pa30BamieM cbo6oahbix sjieicrpoHOB e, ecjin 3Hepnifl Hacrau B* AocTaTOHHa an* 3Toro: 

A+B* -+A + +B+e (1) 

Ha Oht.1 cxeMaraHecKH H3o6paaceHBi o6pa30BaBniHeca npn sthx ctojikhobchhhx 
sjieiopoHbi 1 h hohbi npHMecH 2, a TaioKe aTOMH ocHOBHoro ra3a 3. B KanecTBe Hacmm onpe- 
AejieHHOH 3HeprHH E p moecho HcnojiB30BaTB, HanpHMep, MeTacTa6HJii>Hi>ie huh pe30HaHCHO- 
B036y»aeHHHe btombi 4 ochobhoix) ra3a (6yneM Ha3BiBaTB ero Taioice 6y<|>epHBiM ra30M). Taicace 
b KanecTBe yKa3aHHBix nacrau c onpeaejieHHOH sHepraea moecho HcnojiB30BaTB <£otohbi c 3a- 
^aHHOH 3HepraeH E p ot BHeuiHero HCTOHHHiea. OcBo6o>KAaioiijHeca npn stom sjieiopoHBi ncuiy- 
naioT KHHeTHnecKyK) 3Heprmo E e , paBHyio: 

E e =E p -Ei (2) 
rji&Ei - noTeHimau HOHH3aijHH aTOMa hjih MOJieKyjiBi aHajiH3HpyeMofi npHMecn. 
MeTacTa6HJiBHBie aTOMBi 4 moecho nojiynHTB b h Mny jibchom njia3MeHHOM pa3p*£e, 
C03^aBaeM0M b HOHH3ai*HOHHOH KaMepe Me^cAy KaroAOM 5 h aHoaoM 6, KOiyja b KanecTBe 
ocHOBHoro (6y4>epHoro) ra3a HcnojiB3yeTCH hhcpthbih ra3, HanpHMep rejinii. OreHKaMH 

HOHH3aUHOHHOH KEMepBI MOiyT CJIJOKHTB CaMH 3JieKTp0flBI 5,6, npH 3T0M OCTaJIBHBie CTeHKH 

o6ecneHHBaK>T h30jihuhk> Me>KAy KaTOAOM h aHOAOM h Moryr OTcyrcTBOBaTB nacTHHHo hjih 




noJiHocn>K> (no3TOMy Ha Oht.1 ohh He noKa3ain>i), ecjiH qejiecoo6pa3HO o6ecneHHTb 
npoxeicaHHe aHajiH3npyeMOH ra30B0H cMecH nepe3 KaMepy. Bhcuihwh noBepXHOcn> Karoaa 5 h 
aHO^a 6 (co cropoHN noflBOflamnx nponoaoB Ha <Dhi\1) TaioKe H30J3HpoBaHa, ho nn% npocTOTw 
HxeHHH nepTOKa 3Ta h30Jwuhh TaioKe He noKa3aHa Ha ®Hrvl . 

CooTHomeHiie KomieHTpaijHfi ocHOBHoro ra3a h onpeAejiaeMbix npHMeceft jouwdkho 

6bITB TaKOBO, HT06bI OCHOBHyiO flOJHO o6pa3yK>mHXCfl MeTaCTa6HJISHbIX aTOMOB COCTaBJlflJIH 

aTOMM 6y4>epHoro HHepTHoro ra3a. Ilocjie OKOHHarow pa3pafla npoH3ofifleT 6bicTpoe 
"BHCBeHHBaHHe" Bcex B036y^cAeHHMX aTOMOB, h b njia3Me nocjiecBeneHH^ 6yayr 
npHcyTCTBOBaTt, b ochobhom, MeTacTa6HJibHwe aTOMti 6y$epHoro ra3a c h3bccthoh 3HepraeH 
E p . y rejiHH TaKHe aTOMBi hmciot 3HeprHK> 19,8 h 20,6 aB, hto aocTaTOHHO jouia HOHH3auHH b 
KanecTBe npHMecn Bcex H3BecTHbix aTOMOB h MOJieieyj*, KpOMe HeoHa. Hcnojn>30BaHHe HeoHa b 
KaHecTBe 6y4)epHoro ra3a TaioKe Moacer 6brn> uejiecoo6pa3HO, t.k., b oTJinnne ot rejina, 

KOTOpMH HMeeT ABa MeTaCTa6HJIBHHX COCTOHHHH C pa3H0CTbK) 3HeprHH 0,8 3B H MOHCeT aaBaTb 

Kaacfloft npHMecH jape rpyrnibi 3JieiapoHOB c 3HepraaMH corjiacHO (2), MeTacTa6HJibHbie 

ypoBHH HeoHa HMeiOT 3a3op no SHepran nopaaica 0,1 sB, hto no3BOJiHer paccMaTpHBan> hx icaic 

oahh ypoBeHb h ynpocTHTb HAeHra<i>HKauHK) npHMeceft. flpyrae HHeprabie ra3bi Toace HMeiOT 

MeTacTa6HJibHbie coctoahh* c bhcokhm 3HaneHHeM E p . Hx HcnoJib30BaHHe b KanecTBe 

ocHOBHoro ra3a Moacer 6htb TaioKe uejiecoo6pa3Ho c tohkh 3peHim nojioaceHH* hx 

MeTacxa6HJibHHx ypoBHeft, y£o6Horo mix HOHH3auHH HeKOTOpHX npHMeceft, hx xhmhhcckoh 

» 

craSHJibHOCTH (He BCTynaiOT b XHMHHecKHe peaKimn c npHMecaMH), AOCTaroHHOH 
pacnpocxpaHeHHOCTH, coxpaHeHHa ra30o6pa3Horo coctohhha b mnpoicoM flnana30He 
TeMnepaTyp. KpoMe toto, HHepTHbie ra3bi coctoot tojibko H3 aTOMOB, a hx hhjkhhc 
B036y>KAeHHbie ypoBHH jie>KaT AOCTaTOHHo bhcoko, IlpH 3tom 3JieKTpoHbi, o6pa3yK)mnec^ npn 
H0HH3auHH (1), Syayr HcnbiTbiBaTb tojibko ynpyrae coyaapeHHfl c HHeprabiM ra30M b 
HOHH3aixHOHHofi KaMepe, hto Mano HCKaacaer hx xapaicrepHCTHHecKyK) SHepraio E e . 




OflHaico ajw HOHH3auHH npHMecen Moryr HcnojiB30BaTBCH h Apyrwe MeTacTa6HJii>HMe 
aTOMti hjih MojieKyjna, HMeionwe aocTaroHHyio SHepraio E p coniacHO (2), hto 3Ebhcht ot 
ycJiOBHH pa6ora HOHH3anHOHHoro AeTeicropa, Bbi6opa ocHOBHoro ra3a h cocTaBa 
onpe^ejiaeMwx npHMeceft. , 

ECJIH o6ecneHHTi> 3KBHnOTeHIJHaJlBHOCTB TOH o6jiaCTH npOCTpaHCTBa HOHH3aUHOHHOH 

KaMepti, rae npoHCxoAAT HOHH3HpyiomHe ctojikhobchh^, to Bee sjieicrpoHBi, o6pa3yioiuHeca 

npH HOHH3HpyK)mHX CTOJIKHOBeHHflX, 6y£yT HMCTB (JWKCHpOBaHHyiO KHHeTHHeCKyK) 3HepniK> 

OTHOCHTejiBHO 3Jieiapo£OB 5,6 KaMepBi. IIpH 3tom, ecjiH, corjiacHO npe;maraeMOMy H3o6pexe- 
hhk), BBi6HpaK)T AaBJieHne ocHOBHoro ra3a h npocTpaHCTBeHHyio KOHcJmrypaiiHio HOHH3amioH- 

HOH KaMCpH TaK, HT06BI paCCTOHHHe OT JIK>60H TOHKH BHyTpH HOHH3aiJHOHHOH KaMepBI HO 

3JieicrpoAOB 5,6 hjih 6jiH^caHineH ctchkh (Ha <Dhi\1 ctchkh He noKa3aHBi) He npeBBiuiajio cpea- 
Hefi ajihhbi nepeMemeHHH 3JieierpoHOB jxo MOMema noTepn 3aaaHHOH aojih KHHeraHecKOH 
3HeprHH, to 3JieicrpoHBi «6jiyacAaiOT» cJiynaftHBiM o6pa30M b 3KBHnoTeHixnajiBHOM npocnpaHCT- 
Be HOHH3aip[OHHOH KaMepBI, HcnBiTBiBaH, b ochobhom, ynpyrHe coyAapemw c aroMaMH 6y$ep- 
Horo rasa, #o Tex nop, noica He nona^yr Ha noBepxHOCTB yKa3aHHBix sjieicrpoaoB 5,6 hjih Ha 
oflHy H3 CTeHOK h He norH6Hyr (peKOM6HHHpyioT) TaM. TIpH ynpyroM coyAapeHHH 3JieicrpoHa c 
aroMOM 6y<$>epHoro ra3a 3JieiopoH TepaeT aojiio cBoefi KHHeTHHecKofi 3HeprHH, paBHyio m/Mb> 
tj\q m - Macca 3JieicrpoHa, a Mb — Macca aTOMa 6y<j>epHoro ra3a. HanpHMep, ajih rejina m/Mb 
cocTaBJineT nopflAKa 0,0001, nosTOMy sjieiopoH noTepaeT tojibko nop^AKa 1% CBoefi 3HeprHH, 
HcnBiTaB 100 ynpyrax coyAapeHHH. /piHHa cbo6oahoix> npoSera 3JieicipoHa othochtcjibho 
ynpyrnx crojiKHOBeHHH paBHa: 

£ e =l/ (M>*a e ) (3) 
rAe Nb - koHijeHTpamra aTOMOB 6y<j)epHoro ra3a, <j e - ceneHne ynpyrnx ctojikhobchhh 
3JieiapoHa c aTOMaMH 6y$epHoro ra3a. BejiHHHHa 3thx ceneHHH ajih pa3HBix ra30B H3BecTHa h 
cocTaBJMer BejiHMHHy nopaAica ra30KHHeTHHecKoro pasMepa ~ 10' 16 cm 2 . Ilocjie Ka>KAoro 
CTOJiKHOBeHHH 3JieKTpoH npoxoAnT cpeAHee paccTOHHHe Z, e h 3aTeM cjiynaHHBiM o6pa30M 
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MeHaer HanpaaneHHe CBoero abhkchkw nocjie cTOJiKHOBeHHH, Kan 6poyHOBCKaa nacTHua. 
ComacHO H3BecraoMy ypaBHCHHio AH(j><|>y3HH, 6poyHOBCKaa nacTHua nocjie n ctojikhobchhm 
nepeMecTHTCH Ha cpejmee paccTOHHHe L e • J~ n ot HanajibHofi tohkh. TaKHM o6pa30M, 

aneiopoH noTepaeT, HanpHMep, 1% CBoeii sHepran, nepeMecTHBuincb b rejiHH Ha cpenHee 

paccxoaHHe aecHTb juihh cBo6oflHoro npo6era (10 • L e ) othochtcjibho tohkh, r^e npoH30iuna 

HOHH3auHH. BBe^eM ypoBeHt noTepb (HCKaaceHHH) 3HeprHH sjieicrpoHOB S E , paBHbin OTHonie- 

hhk> noTep^HHOH SHeprHH k nepBOHananbHOH. Ecjih b paccMOTpeHHOM cjiynae win rejinn 5e 

paBHO 1%, to KOH(|>iirypaiiHH HOHH3aimoHHoft KaMepbi flOJDKHa 6brn> TaKoft, hto6bi 

» 

MHHHMaJIbHOe paCCTOHHHe / OT JIK)60H TOHKH BHyTpH KaMepbi flO OAHOH H3 CTeHOK HUM 

sjieiopoflOB He npeBHUiano BejiHHHHy l min , paBHyio 10 • L e npH Bbi6paHHOH KOHuempauHH 
reJiHa b KanecTBe 6y$epHoro ra3a. B o6meM cjiynae, 3HaneHHe l mi „ paccHHTbiBaeTai c ncnojib- 

30BaHH6M KOHKpCTHblX BeJIHHHH TYl/M^ CT^NbVL Bbl6paHHOrO ypOBHfl Se 9 a JXSW I BbinOJlHHCTCH 

ycjioBHe: 



TaKHM 06pa30M, npH C06jIK>AeHHH yCJIOBHH (4) (J)OpMa HOHH3aiJHOHHOH KaMepbi Mo^ceT 

6biTb Bbi6paHa flocraTOHHo npoH3BOJibHOH, t.k. ra3opa3p*AHafl nJia3Ma 3anMCT Becb cbo6oahwh 
o6*beM Me^g^y 3JieicrpoAaMH. OAHaKo Han6ojiee ijejiecop6pa3HOH <|>opMOH KaMepbi hbjihctch na- 
panjiejienHnefl, ffse npoTHBonojioacHbie ctopohh KOTOporo pacnojio>KeHbi Ha paccToaHHH Z= 

Imin H OflHOBpeMeHHO HBJMK)TC)I yKa3aHHBIMH 3JICKTpOAaMH 5,6 (<J>HI\1). IIpH 3TOM «MepTBbIH 

o6i>eM» (T.e., r#e aHanH3 ra3a He nponcxoflHT) HOHH3aijHOHHOH KaMepbi MHHHManeH. Ha none- 
peHHtie pa3Mepbi ajieiopoflOB 5,6 ycjioBHe (4) orpaHHHeHHH He HaKjiaflbiBaeT, h 3th pa3Mepw 
Moryr 6bm> mhoto 6oJibine L. IIpH 3tom 3JieiapoHbi 6yAyr raSHyTb Ha 3Jieieipoflax 5,6 hjih Ha 
cremcax HOHH3auHOHHOH KaMepbi, He ycneB noTepaTb aojiio CBoen 3HeprHH, 6ojibuiyK> 
3a^aHHOH 8e. Rjw pa6o™ HOHH3auHOHHOH KaMepbi npn aTMoc<j)epHOM AaBjieHHH ochobhoto 
ra3a, HanpHMep, rejiHfl, paccTOflHHe Me^y ajieicipoflaMH aojdkho 6biTb nopn^Ka 0,1 mm. 




(4) 




IIonepeHHHe pa3Mepu 3jieicrpoAOB (h, cooTBeTCTBeHHo, hx rwomaAfe) BBi6HpaioTCfl thkhmh, 
hto6w npH HMeiomeficH itjiothocth TOKa 3JieiopoHOB, o6pa3yiomHxcH npn HOHH3aimH 
npHMecefi, cyMMapHBifi tok Ha sneierpoA 6biji AOcraTOHHBiM julx ero Ha^e>KHOH peracTpaiiHH 

H3BCCTHBIMH 3JieKipOHHBlMH CXeMaMH. TaiOKe H3 yCJIOBHfl (4) H yCJIOBHH B03M05KHOCTH 

3aacHraHHH ra30Boro pa3pw cjie^yer, hto pa6oHHfi AHana30H aaBjieHHfi mokct 6bitb ot 10 ao 
10 s Ila h Bume. 

SKBHnoTeHUHajibHocTB toh o6jiacTH npocTpaHCTBa HOHH3auwoHHOH KaMepBi, rjxc npo- 
hcxoaht H0HH3HpyiomHe ctojikhobchiw, mohcho o6ecneHHTb pa3JiHHHbiMH cnoco6aMM, Hanpw- 
Mep, nyTeM C03AaHHH njia3MBi nocjiecBeneHHH b HOHH3aimoHHofi KaMepe MeacAy 3JieicrpoAaMH 
5,6 c noMoiuBio HMnyjiBCHoro HCTOHHHKa 3HeprHH, KaK noKa3aHO Ha Our. 1 . Ilocjie BBiKjnone- 
hhji HMnyjiBCHoro HCTOHHHKa 3HeprHH TeMnepaTypa 3JieiopoHOB T e b njia3Me nocjiecBeneHHa 
6Bicrpo onycKaeTCH ao TeMnepaTypBi 6y<J)epHoro ra3a h cocTaBJiaeT BenHHHHy nopaAKa 0,03-0,1 
sB. IIpH 3tom jyrn HamHX ijejieft KOHijeHTpaijHfl 3JieicipoHOB N Q AOJDKHa 6bitb TaKofi, hto6bi fle- 
6aeBCKHii pa^Hyc 

L D =ylT,/(6m?-N § ) (5) 
6biji MHoro MeHBine reoMerpHnecKHx pa3MepoB HOHH3aijHOHHofi KaMepBi. IIoAHepKHeM, hto 
KOHueHTpauHfl MeAJieHHBix 3JieicrpoHOB N e nxia3MBi nocjiecBeneHHfl mhoto 6ojiBuie KOHijeHTpa- 
Him aHajiH3HpycMBix sjieKipoHOB, o6pa3yK>mHxca npH HOHH3ai*HH npHMecefi b nocjiecBeneHHH. 
KaK H3BecTHO (cm. HanpHMep, [8]), BHyTpH npocipaHCTBa, 3aHHToro n.na3Mofi, sjieiopHHecKoe 
none He npeBBiniaeT bcjihhhhbi hcckojibkhx T e , nosTOMy mohcho cHHTaTB, hto nojie npaKrane- 
ckh OTcyrcTByeT h, cjieAOBarejiBHO, noTeHiman npocipaHCTBa OAHopoAeH. IIpH stom 3Hepraa 
3JieicrpoHOB, B03HHKaK>mHX b pe3yjiBxaTe HOHH3au[HH npHMecefi, onpeAejiaeTCfl cooraoiHeHHeM 

(2) H He 3aBHCHT OT KOOpAHHaT TOHKH, TJIfi OHH B03HHKaK>T. EcjIH nOCJie BBIKJUOHeHHfl HM- 

nyjiBCHoro HCTOHHHKa SHeprHH iiphjiohchtb Me^cAy 3JieKipoAaMH 5 h 6 3JieicrpHHecKoe Hanpa- 
>KeHHe U 9 He npeBBiuiaiomee noTeHUHaji H0HM3auHH aTOMOB 6y(})epHoro ra3a, to Ha Kama 5 
B03HHKHeT tok npeHMymecTBeHHo nojio>icHTejiBHBix hohob, a Ha aHOA 6 - tok 3jieicrpoHOB. npH 




3tom noreHUHaji npocrpaHCTBa HOHH3argaoHHO» KaMepbi Ha <Dhi\1 or rpamiHHOH iuiockocth 7 
HO aHOfla 6 6yner npaKTOHecKH nocroHHHbiM, a b cjioe Meacay KaxoflOM 5 h rpaHHHHOH idiocko- 
crbK) 7 TOJimHHOH nopOTKaXo BOSHHKaer sjiacrpHHecicoe nojie, b kotopom naaaer see npnjio- 
3KeHHoe Hanp^MceHHe U, kqk noKa3aHO Ha kphboh 8 (npHKaTdflHbift CKanoK noreHunajia). 
OflHOBpeMeHHo, b6jih3h aHOAa 6 TaioKe o6pa3yercH cjioh h npnaHOflHbiH CKanox noTeHimajia, 
OOTaKO 3tot cKanoic, KaK H3BCCTHO (cm., HanpuMep, [8]), Maji, h 3KBHnoreHUHajibHoe npocrpaH- 
ctbo npHoSperraer narerajHaji, 6jih3khh k noTemjHajiy aHOfla 6. IIpHHHHOH 3Toro HBJiaerca Ma- 
jiaa CKopocrb hohob no cpaBHCHHio co cKopocrwo sjieicrpoHOB ra-3a npene6pe5KHMO Majioft 
Maccbi ajieicrpOHa m no cpaBHCHHK) c Maccoft hohob Mb. 

Meracra6HJibHbie aroMbi b nocjiecBeneHHH TaioKe rH6Hyr (nepexoaaT b HopMajibHoe 

COCTOHHHe), HX BpeMfl >KH3HH T OI^CHHBaCTCH nO COOTHOHieHHK): 

1 /%= 1 /t d + N d 'V m -Gid + 'V e -Oie + N m -V m • CT 2 (6) 

r«e Nd - KOHueHTpaipw aTOMOB hjih MOJieKyji npHMecefi; 

a id - ceneHHe Heynpyrax ctojikhobchhh Meracra6HjieH c npraviecHMH; 

iV e - KOHixejrrpaiXHH sjiercrpoHOB; 

v e — cpeflHHH CKopocrb flBH>KeHHH 3jieierpoHOB b njia3Me; 

Oie — ceneHHe Heynpyrax crojiKHOBerorii MeracTaGHJieft c sjieicrpoHaMH; 

N m — KOHijetrrpaijiiH MeracTa6HjibHbix aroMOB; 

02 — ceneHHe napHbix Heynpyrax croJiKHOBeHHH Meracra6HJibHbix aroMOB; 

V m — CpeflHHH CKOpOCTb ABPDKeHHH MeraCTa6HJIbHbIX aTOMOB; 

Td - flH4>4)y3HOHHOe BpeMH 3KH3HH MCTaCTaGHJIbHblX aTOMOB OTHOCHTCJIbHO ni6ejIH Ha 

3Jieicrpoflax h creHKax KaMepbi, KOTopoe onpefleJiaercH cooTHomeHHeM: 

r d =L 2 '■ N b • a b /v w (7) 
rae Ob - ceneHHe ynpyrax crojiKHOBeHHH Meracra6HJibHbix aTOMOB c GycfrepHbiM ra30M. 

3jieiapoHbi 1 b npouecce cjiynaifflbix <<6jiyacAaHHii>> b 3KBHnoTeHHHanbHOM npocrpaH- 
CTBe nonaflaiOT b OKpecrHOCTb KaTOfla 5, npaicrHHecKH coxpaHHB cbok> HanajibHyio khhcthhc- 



16 



ckjoo 3Heprmo, nonyneHHyio b momcht HOHraaimH, t.k. coraacHO ycjioBHio (4), 3JieierpoH ra6- 
Her Haajieierpoflax win Ha cTemcax, T.e. «BBi6tiBaeT H3,Hrpu», eme ao Toro MOMema, KaK oh 
noTepaerr 3aMeTHyio aojho CBoefi 3HepniH. BjieTaa b oAHopoAHoe 3JieicrpHHecKoe nojie npwica- 
TOOToro cKaHKa (o6jiacTb Me>KAy hjiockocthmh 5 h 7 Ha (Dfor.l), sjieiopoH 1 rbutkctch noa He- 
KOTopsiM cjiynaHHtiM yraoM k Beicropy 3Toro nojia h HanHHaer topmo3htbch. CorjiacHo 

ypaBHeHHHM ABHHCeHHfl B OflHOpOflHOM 3JieKTpHHeCK0M nOJie, npH 3aflaHHOM OTpHJUaTejlbHOM 

noTeHimaae U Ha KaTOAe 5 ajieieipoH (HanpHMep, la Ha <J>Hr.l), HMeiomHH AOCTaTOHHyio khhc- 
THHCCKyio SHepraio E e h BeKTop CKOpocxH, JieacaujHH b HCKOTopOM KOHyce BOKpyr Beicropa no- 
jih, AOCTHraeT noBepxHocTb KaTOAa h AaeT cboh BKJiaa b tok. B npoTHBHOM cjiynae sjieicrpoH 
(HanpHMep, 16 Ha Oht.1) OTpaacaeTca ot 3aAepacHBaiomero noTeHimana KaroAa 5 h B03Bpama- 
ctch Ha3aA b 3KBHnoTeHUHarn>Hoe npocrpaHCTBo, a 3areM MoaceT iiobtophtb nontrncy nonacTB 
Ha KaroA 5 hjih, b Komje kohaob, nora6Her Ha aHOAe 6*hjih creHicax HOHH3aixHOHHofi icaMepti. 
Ecjih 3JieicipoH, yyze HaxoAflCb b yKa3aHHOM 3JieiopHHecKOM nojie, HcntiTaeT ynpyroe ctojikho- 
Beroie c aTOMOM 6y4>epHoro ra3a, to a6cojiK>THoe 3HaneHHe ero sHeprnn He H3MeHHTc*, a mo- 
HceT H3MeHHTfcCH cjiynaftHBiM o6pa30M tojibko HanpaBJieHHe ero Beicropa cKopocra. TaKHM 
o6pa30M, Aaace npn ynpyrax cTOJiKHOBeHHax b cjioe MeacAy hjiockocthmh 5 h 7 cjiynaHHWH xa- 
paicrep pacnpeAeneHHa yrxra MeaeAy BeicropoM CKopocra 3JieKTpoHOB h BeKTopoM nojia coxpa- 
hhtch. PacnpeAeneHHe 3JieicipoHOB no ckopocthm b 3KBHnoTemjHajiBHOM npocTpaHCTBe 
HOHH3aiXHOHHOH KaMepe mohcho onucaTt HeKOTopoii 4>yHKUHefi pacnpeAejieHHH F(v), rAe v - 

MOflyJlh CKOpOCTH 3JieKTp0H0B. llpH 3TOM F(v)dv COOTBeTCTByeT HHCJiy 3JieKTpOHOB, HMeiomnx 

CKopocxB b AHana30He ot v ao v+rfv. B HacTHOcra, 4>yHKijHfl pacnpeAeJieHHH 



P(^{ E P - E i)f m) onpeAejineT KOHueHTpaimio sjieicrpoHOB, o6pa30BaBiiiHxcH npn HOHH3auHH 

aTOMOB hjih MOjieKyji npHMecH c noTeHUHanoM HOHH3ai*HH £/. HHTerpHpya no BceM 3HaneHHHM 
3HepraH sjieiopoHOB h no BceM 3HaneHHHM yrjia BXOAa b OAHopoAHoe 3JieiapHHecKoe nojie 
cnox (cHHTaa pacnpeAejieHHe sjieiopoHOB no yrjiaM BXOAa paBHOMepHWM H3-3a cjiynafiHoro 
xapaicrepa «6jiy>KAaHHH» b 3KBHnoTeHUHajiBHOM npocTpaHCTBe), noJiyHHM BojiBT-aMnepHyio 





xapaicrepHCTHKy - 3aBHCHMOCTb I e TOKa aneieipoHOB Ha nnocicHH KaToa ot npunoHceHHoro 
Hanpn^eHHH U h ot BHfla F(v) (cm., HanpHMep, [8]): 

I e =l-e.N € .S- f v F(v) .(\-?^L) -dv (8) 

rae e - 3apHA 3JieiopoHa; 

S — ruiomaAb 3JieKrpo,aa. ^ 

E[pH 3TOM TOK nOJIOECHTeJIbHblX HOHOB Ha KaTOA 5 onpeflejiaeTCfl npoH3BeAeHHeM IIJIO- 
maaH cjioh (njiocKOcrb 7) BOKpyr KaTO^a 5 h nJiOTHocra AH4>$y3HOHHoro noTOKa arax hohob 
Ha rpaHHue cjkhi. IIoBepxHOCTb Karo/ja 5 flOJi>KHa 6bm> aocTaTOHHo rjiaflKaa, hto6w TOJimnHa 
cjioa 6buia Maua no cpaBHeHHio c jiOKantHbiM pa^HycoM kphbh3hm noBepxHOc™ Kamaa. B 
3TOM cjiynae sjieicrpHHecKoe nojie b cjioe SyaeT oflHopoflHbiM, a njioma,zu> cjios npaKTHHecKH He 

3aBHCHT OT npHJIOaceHHOTO HanpJlHCeHHjl U. IIpH 3TOM TOK nOJIOMCHTeJIBHblX HOHOB Ha KaTOil 5 

TaioKe npaKTHHecKH He 3aBHCHT ot/7hhx BKJiaa MoaceT 6mtb bbihtch H3 pe3yjn>THpyiomeH 
BOJiBT-aMiiepHOH xapaicrepHCTHKH fleTeicropa. 

Tok Meacay aneicrpoflaMH 5,6 b 3aBHCHMOCTH ot npHJio^ceHHoro Hanp>DKeHHa H3MepflK>T 
H3BecTHMMH cnocoSaMH, HanpHMep, no na^eHHio HanpaaceHHA Ha pe3HCTope 9, bkjuohchh om b 
3Ty uenb. HanpaaceHHe c pe3Hcropa 9, BejiHHHHa KOToporo AOJiacHa 6mtb AocrraTOHHO Majia, 
hto6bi He HCKa^caib BOJibT-aMnepHyio xapaicrepHCTHKy aeTeicropa, ycnjiHBaiOT c noMombio H3- 
BecTHBix sjieiapoHHux cxeM h cipoHT yKa3aHHyio BOJibTaMnepHyio xapaicrepHCTHKy. HanpH- 
Mep, HanpflaceHHe c pe3Hcropa 9 noaaiOT Ha bxoa ycmiHTejifl c aHajioro-uH(j)poBbiM 
iQ)eo6pa30BaTeJieM (Al^TQ 10 h flanee b KOMnbioTep 1 1 jyin HaKonjieHHH h o6pa6oTKH aaHHbix. 
K 3TOMy KOMnbioTepy TaioKe noaiunoHaiOT UH<|>po-aHajioroBbiH npeo6pa30BaTejib (UAn) 12, c 
Bbixofla KOToporo no^aioT 3aaaHHoe oTpHijarejibHoe HanpaaceHHH Ha KaTO/i 5 b £Hana30He ot 0 
B flo 25 B (nopjmKa nopora HOHH3auHH aTOMa rejina). KoMnbioTep 1 1 aonojiHHTejibHO ynpaB- 
swot pa6oTOH HMnyjibCHoro 6jiOKa nHTaHHH 13 rjix 3aacHraHHH pa3p*Aa h co3flaHHfl njia3Mbi no- 
cjiecBeneHHH, KOTopuft BbmojiHaeTca no H3BecTHMM cxeMaM, HanpHMep, c Hcnojib30BaHHeM 




BWCOKOBOJIBTHOrO TpaH3HCTOpHOrO KJHOHa flJlSi HMIiyJIbCHOfi KOMMyraimH nocroHHHoro OTpji- 

uaTenBHoro HanpaaceHHH nopaaiea 200-600 B Ha KaTOfl 5. HacxoTa cjie^OBaHHH HMnyjibCOB ot 
6jiOKa nHraHHH 13, ux /yiHTeJibHOCTb h aMnjiHTy^a Taicnce moecct KOHTpojinpoBaTbCJi KOMnbio- 
TepoM 1 1. Jlflz AUJI 10 h I^AII 12 Hcnojib3yiOTCJi H3BecTHwe 3JieicipoHHbie cxeMbi, b KOTopbix 

npeflyCMOTpeHa B03M03KH0CTB CTpo6HpOBaHHfl BXOAHblX H BMXOflHblX CHrHaJIOB. 

B KanecTBe HMiiyjibCHoro HCTOHHHKa 3HeprHH pjiz co3flaHH>i iuia3Mbi TaiQKe MoaceT hc- 
nojib30BaTbca noTOK 6bicTpbix 3apH^ccHHbix nacTHU (ajieicrpoHOB hjih hohob) ot ycicopHTejia, 
HMnyjibCHBifi Jia3ep h ^pyrae. 

CHCTeMa H3MepeHHa pa6oTaer cjie/jyiomHM o6pa30M: KOMnbiOTep 1 1 3anycKaeT hm- 
nyjibc pa3pwHoro TOKa ot 6jiOKa nHTamw 13, a 3aTeM c 3aaepaocoH nocjie OKOHnamw pa3paa- 
Horo HMnyjibca h ocrbiBarota njia3Mbi Me^cay 3Jieicrpofl^MH 5,6 OTKpBiBaeT kjuoh 14, 
3amHinaiomHH H3MepHTejn>HyK> uem> H3 pe3Hcropa 9, AIJJI 10 h HAII 12. BpeMH 3anep^cKH ot- 
KpbiBaHHH KJnona 14 He npeBbiuiaeT BpeMeHH hch3hh MeTacTa6HJibHbix aTOMOB x b Bbi6paHHbix 
ycjiOBHHX pa3p>ma. 

B KanecTBe 3amHTHoro 3JieivieHTa 14 Taicace mo^kct HcnoJib30Barbca BbicoKOBOJibTHbifi 
Ahoa, no^ioiioHeHHHH aHO^OM k Karo^y 5, npH 3tom jjjftoji 3airapaeTCfl npH bbicokom oipHua- 
TejibHOM HanpjDiceHHH bo BpeMfl pa3paziHoro HMnyjibca 6jioica nHTaHHH 13, ho oncpbiBaeTca b 
nocjiecBeneHHH OTpHuareJibHbiM HanpaaceroieM c UAn 12. ^anee, nocjie OKOHnaHHH nepexoa- 
hlix npoijeccoB b H3MepHTejibHOH ueira nocxie otkphthh 3amHTHoro 3JieMeHTa 14, KOMnbiOTep 
1 1 H3MepneT Hanpfl3KeHHe Ha pe3HCTope 9 c noMomtio AUJI 10, a 3aTeM MO^ceT ycraHOBHTb ho- 
Boe 3HaneHHe HanpjDKeHHH Ha I3 AII 12. 3tot npoijecc uhkuhhcckh noBTopaeTca nocxie Kaacao- 
ro HMnyjibca pa3pajoHoro TOKa ot 6noKa nHTaHHH 13. #aHHbie c AUJI 10 cyMMHpyioTCH h 
ycpeAH^iOTca KOMnbioTcpoM 1 1 win Kaamoro ycnraHOBJieHHoro 3HaneHHa HanpaaceHHH Ha LJAn 
12, h TaKHM o6pa30M H3MepHeTCH BOJibT-aMnepHan xapaicrepHCTHKa. TaioKe B03MO)KHa perncT- 
pamw Bcefi BOJibT-aMnepHofi xapaicrepHCTHKH hjih ee Macro nocjie oahoto HMnyjibca pa3paflHO- 
ro TOKa ot 6jiOKa nHTaraw 13. JSjia 3Toro c noMOujbK) Alfll 10 aejiaiOT cooTBercTByiomee 



• # 

hhcjio nocjie^oBaTenBHbix H3MepeHHH TOKa b nocjiecBeneHHH HMnyjibcHoro pa3pa#a npH pa3- 
jihhhhx 3HaneHHHX Hanpn^ceHHH KaTqfl-aHOfl, ycTaHaBOTBaeMUX c noMombio I^AII 12 h kom- 
nbioTepa 1 1. Meacfly MOMemaMH BpeMeHH, Kor^a onepe/moe 3HaneHHe HanpaaceHiifl 
ycTaHOBjieHo c noMOim>io LJAII 12, h HanajiOM H3MeperowTOKa c noMombio AJJJ1 10 bboahtch 
3a#ep5KKa Toro, hto6bi 3aKOHHHJiHct nepexo/mue npoueccM, BjmaiomHe Ha H3MepeHHe to- 
Ka. 

XapaKrepHCTHHecKaH SHepraa aneicrpoHOB E e , o6pa3yiomHxca npn HOHH3auHH 
npHMecefi, corjiacHO (2) Moacer jieacaTb b flHana30He ot 0 ao 3HeprHH B036y^caaK)meH nacTHUbi 
b 3aBHCHMOCTH ot noTCHUHajia HOHH3auHH npHMecH. Momcho CHHTaTb BepxHefi rpaHHuefi una 
npHMeHHMbix SHepraH B036y>KflaiomHX Hacrau 3HeprHK> HOHH3auHH aTOMa 6y4>epHoro ra3a, 
t.k., ecjiH HcnoJib30BaTb B036y^aaiomHe Hacram>i 6ojibiuefi 3HeprHH, to HaHHerca HOHH3aiiHa h 
ochobhoto ra3a, a Ha ee <J>OHe 6yAeT cjioecho onpeaenHTb BKJiaa npHMecefl. TaKHM o6pa30M, 
H3MepjM BOJibTaMnepHyio xapaicrepHCTHKy b ;mana30He npHJioxceHHbix HanpflaceHHft ot 0 no 
noTemxHajia HOHH3aimH aTOMOB ochobhoto ra3a, moecho, peinaa ypaBHeHHe (8), Haflin 
4>yHKUHio pacnpeaeneHiw sjieicrpoHOB no cxcopocraM F(v) (a TaioKe cooTBeTCTByiomee 
pacnpeAeJieHHeyf£y sjieiopoHOB no 3HeprHH) h kojihhcctbo Tex snejopoHOB, KOTopbie 
B03HHKaK>T 3a chct HOHH3aiXHH onpeaejieHHofi npHMecn. HanpHMep, ABaacAbi OT^epeHUHpya 
no U BbipaaceHHe (8), nojiynHM: 

r rj2smz>. 7 g-.u.% ( 9) 

OrciOAa ABa^Abi flH(J)<|>epeHimpOBaHHaa H3MepeHHaa BOJibT-aMnepHaa xapaicrepHCTHKa aaeT 
KpHByio, cocTonmyio H3 nHKOB, Ka>ic^HH H3 KOTopbix cooTBeTCTBycT rpynne 3JieKTp0H0B, 
o6pa3yK>mHXCH npn H0HH3aijHH aTOMOB hjih MOJieKyji onpe^ejieHHOH npHMecH. SHepraa 3thx 
3JieicrpoHOB E e (h noJioaceHHe cooTBCTCTByiomHx iihkob b nucane npHJioaceHHoro k 3JieierpoflaM 
Hanpaacemi*) onpeflejiaercH 4>opMyjioii (2). Yica3aHHoq flByxicparaoe ^HtJxJjepeHunpoBaHHe 

M02CH0 OCymeCTBJIOTb pa3JlHHHWMH H3BeCTHWMH MeTOflaMH, BKJIIOHaH npflMOe HHCJieHHOe 

AH<|)4)epeHUHpoBaHHe H3MepeHH0H BOJibT-aMnepHofi xapaicrepHCTHKH c HcnoJib30BaHH6M, npH 




Heo6xoflHMocra, pa3JMHHLix H3BecTHux npoueflyp craaMCHBaHHH flaHHbix. Mohcho TaKace 
npHMCHHTB pa3JiHMHBie 3JieiapoHHBie cxeMM, Hcnojib3yiomHe MO^yjwuHio npanoHceHHoro 
HanpjDKeHH* U He6ojiBiiiHM nepeMeHHtiM cnrHajiOM AU c nacTOTofi co h peracTpauHio TOKa Ha 
HacrroTe co pjia nonyneHHa 1-fi npoH3Bo*iHOH hjih 2oo ajw nojiyneHH* 2-fi. 

IIo nojioaceHHio Ha6jiK>AaeMbix iihkob h cooTBexcTByiomeMy 3HaneHHjo E§ moecho 

HfleHTH<j)HUHpOBaTB npHMeCH B OCHOBHOM Ta3e, a HCnOJIE>3y« H3BeCTHLie KOHCTaHTbl CKOpOCTH 

HOHH3auHn kid HzieHTH^HUHpoBaHHEix npHMecefi M©TacTa6HjiBHi>iMH aTOMaMH 6y4>epHoro ra3a 
h 3HaneHHe TOKa 3JieiopoHOB I ed c 3Hepraefi E p - E u moecho onpejjejiHTB napunajiBHBie 
KOHueHTpamm npHMecefi N& b cjiynae iuiocKO-napajijiejiBHHix Kara^a h aHoaa Ha ocHOBaHHH 
ypaBHeHHH: 

N d = I ed /(e • A • k^ r N m - S • L) (10) 

r^e A - 6e3pa3MepHBIH KOS^HIJHeHT, 3aBHCflmHH OT reOMCTpHH HOHH3aiJHOHHOfi KaMepBi H 

paBHBifi BejiHHHHe nop^AKa 0,5, hto cooTBeTCTByeT TOMy, hto tojibko npHMepHO nojioBHHa 
3JieicipoHOB ^ocTHraeT KaTOAa, a ocxanBHBie ra6HyT Ha aHo^e h cTemcax HOHH3aijHOHHofi KaMe- 
pBi. KoHueHTpamiio MeracTa6HJiBHBix aTOMOB N m npn 3tom moecho onpe^ejjHTB H3BecTHBiMH 
cneicrpocKonHHecKHMH MeroflaMH (HanpHMep, no noraomeHHio pe30HaHCHoro H3JiyneHHa hjih 
4>OTOHOHH3auHH c MeTacTa6HJiBHoro ypoBHji). 3to Taicace mohcho c^ejiaTB, Haxofla no 
H3MepeHHofi BonBT-aMnepHOH xapaicrepHCTHKe BejiHHHHy TOKa I e 2 3JieiapoHOB, o6pa3yiomHxcH 

npH HOHH3aiXHH B pe3yjIBTaTe CTOJIKHOBeHHH AByX MeTaCTa6HJIBHBIX aTOMOB, H Ha OCHOBaHHH 

ypaBHeHHH: 

N m = yll e2 /(A-e-k i2 -S-L) (11) 

TAe k-a - KOHCTaHTa CKOpOCTH CTOJIKHOBHTeJIBHOH HOHH3aiJHH flByX MeTaCTa6HJIBHBIX aTOMOB. 

A6coJiK)THBie KOHi^eHTpai^HH npHMecefi motkho TaK>i<e nojiynHTB, floSaBjraa b HCCJie^yeMyio 

CMeCB H3BeCTHyK> npHMeCB C 3a^aHH0H KOHUeHTpaUHefi H CpaBHHBafl HOHH3aiJHOHHBie TOKH c 

HcnojiB30BaHneM ypaBHeHHH (10). 



Jlflsi AonojiHHTejiBHofi H0HH3amm aTOMOB hjih MOJieKyji npHMecH b rma3Me 
nocjiecBeneHiw mohcho HcnojiB30BaTB HeirrpajiBHBie HacnmBi oTBHenraero HCTOHHHKa 15, 
HanpHMep, <J>otohbi c onpeaejieHHOH SHepraefi, AocTaTOHHofi ana HOHH3auHH npHMecn, ho 

He^OCTaTOHHOH Art* HOHH3aUHH OCHOBHOrO ra3a . B Ka^eCTBe HCTOMHHKa 15 TaKHX 

HeihpajifeH&ix Hacrau 16 moecho Hcnojn>30BaTB na3ep hjih ra30BBiH pa3p*m b HHepTHOM rae. 

JfeBeCTHO, HTO TaKOH pa3pHfl H3JiyHaeT, B OCHOBHOM, p C30HaH CHBI e (j)OTOHBl, COOTBCTCTByiOmHe 

nepexo^aM c hhhchhx B036y^eHHB>ix ypoBHeft b ochobhoc cocTOHHHe aTOMa HHepTHoro ra3a h 
HMeiomHe flocrraTOHHyio 3Hepraio fljia HOHH3auHH npHMeceiL HanpHMep, pa3pafl b rejinn 
H3JiynaeT pe30HaHCHBie 4>otohbi c SHepraen nopaana 21 sB h jococTaTOHHOH 

MOHOXpOMaTHHHOCTBK). 

3thmh 4>OTOHaMH 16 o6jiyHaioT ruia3My nocjiecBeneHHa h onpeAeJiniOT 4>yHKUHio 
pacnpeAejieHHH 4>OT03JieicipoHOB F(v) y o6pa30BaBniHxc* npn H0HH3auHH npHMeceft, KaK 
onncaHO BBinie. IIpH stom H30JiHpyioT HOHH3auHOHHyio KaMepy ot HeacenaTejiBHoro nonaaamifl 
3ap^ceHHBix nacTHu H3 BHeniHero HCTOHHHKa 15 3a chct ycrraHOBKH Me^cjoty HHMH 3JieKTpOAOB 
fljra yuaBUHBaHHH sthx 3apji^ceHHHx nacTHU hjih 3a chqt ycrraHOBKH OKOuiKa, npo3paHHoro 

TOJIBKO AHH ^OTOHOB. MeHCfly HOHH3aaHOHHOH KaMepOH H BH6UIHHM HCTOHHHKOM 1 5 TaiOKe 

Moryr 6bitb ycraHOBJieHBi .ana^parMBi ,qjia 4>opMHpoBaHitfl noTOKa (Jdotohob 16, HanpaBjiaeMbix 

B 3a^aHHyiO 06jiaCTB HOHH3aUHOHHOH KdMepBI. IIpH 3TOM HHepTHBIH ra3 B HCTOHHHKe 15 MOHCCT 

6bitb .zjpyroro BH^a no cpaBHeHHio c 6y$epHBiM ra30M b HOHH3aimoHHOH KaMepe. 

]\nsi ^onojiHHTejiBHOH HOHH3ai^HH aTOMOB hjih MOJieKyji npHMecen B iuia3Me 
nocjiecBeneHHa moecho TaiOKe HcnojiB30BaTB b KanecTBe nacTHu 16 pe30HaHCHBie jyix 
6y4>epHoro ra3a $otohbi, ecjiH hctohhhk 15 h HOHH3auHOHHaa KaMepa HanojiHeHBi o/jhhm tcm 
>Ke HHepraBiM ra30M. IIpH stom B03pacTaeT 34>4)eicTHBHOCTB HOHH3auHH h tok xapaicrepHCTHHe- 
ckhx 3JieiopoHOB 3a chct yBejiHHeHH^ ajihhbi npo6era <J>0T0Ha b HOHH3ai*HOHHofl KaMepe 6jia- 
roflapa 3<|>4>eKTy «njieHeHH* H3JiyHeHH*», a TaiOKe 3a c^ct aonojiHHTejiBHOH HOHH3auHH 
npHMecen npn ctojikhobchhhx c pe30HaHCH0-B036y>K£eHHBiMH aTOMaMH ocHOBHoro ra3a. 
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npeanoHceHHyio b H3o6peTeHHH coBOKynHOcn, ncwieB b hohh3euhohhoh KaMepe mojkho 
TaKate o6ecneiHTt (cm. <Dht.2), pa3Memaa npoBOflamyio ceTKy 17 Meatfly kstoaom 5 m aHonoM 
6 h noaaBaa Ha centy 17 TaxoH ate noreHimaji, KaK h Ha aHOfl 6, ajm co3.naHna SKBHnoTeHUH- 
anbHoro npocrpaHCTBa Meamy hhmh. Meatfly ceTKOH 17 h KaTOAOM 5, a TaKace c BHeuiHeS no- 
BepXHOcra Kaxofla 5 h aHOfla 6 ycTaHOBJieHW Hsonirropu, KOTopue fljia npocTOTw htchhh 
nepTeata He noKa3aHbi Ha Oht.2. Meatfly aHOflOM 6 h KaTOflOM 5 npHicnaflbiBaioT pasHOCTb no- 
TeHHHanoB, npn stom pacnpeflcneHHe noTeHUHajiOB b HOHH3aimoHHofi KaMepe cooTBercTByeT 
kphboh 18. JJflx HOHH3aHHH aTOMOB hjih MOJieKyji npHMecefi b npocTpaHCTBo Meatfly CeTKOfi 1 7 
h aHOflOM 6 bboaht HeHTpaiibHbie nacTHUH 3aflaHHofi SHeprHH, HanpHMep, MeTacTa6HJibHbie 

aTOMH HJIH 4>OTOHBI 16 OT BHeiUHero HCTOHHHKa 15. npH 3T0M npHHHMaiOT Mepu flJW Toro, 

mo6u HOHH3auna npHMeceB b npocipaHCTBe Meatfly ceTKofi 17 h KaTOflOM 5 6buia MHHHMajib- 
hoh, t.k. npn 3tom k 3HeprHH o6pa3yiomeroc5i sjieiopoHa 6yfler ,ao6aBJMTbca noTeHUHaji toh 
tohkh Meatfly ceTKOH 17 h KaTOflOM 5, rfle sjieKipoH o6pa30Bancjj, h pacnpe^ejieHHe sthx 3JieK- 
tpohob no SHeprHH Syaer pa3MbiTbiM. JJjw stoto, HanpHMep, HanpaBJiaioT noTOK He«TpajibHbix 
nacran 16 Tax, hto6h ohh npoxoflHjin o6jiacTb Meatfly ceTKofi 17 h aHOflOM 6 h He nonaaaiiH b 
o6jiacrb Meatfly centoA 17 h KaTOflOM 5. KoH^HrypanHH sjieinpoflOB 5,6 h cerKH 17 Moryr 

6bITb AOCTaTOHHO IipOH3BOJIbHbIMH npH BbHIOJIHeHHH yCJIOBHS (4). OflHaKO OnTHMajIbHbIM HBS1H- 

ercfl BapnaHT, npn kotopom yKa3aHHbie sjieiopoflbi 5,6»h ceTKa 17 hmckjt nnocKyio 4>opMy h 
pacnojioateHbi napajwejibHo flpyr flpyry Ha paccroaHHH nopaflKa L = l min , npn stom sjieicrpoflbi 

5 H 6 OflHOBpeMeHHO BbmOJIHJUOT pOJIb CTeHOK HOHH3aUHOHHOH KaMepbl. B 3TOM CJiynae 3JieK- 

TpHHecKoe nojie Meatfly ceTKofi h KaTOflOM 5 OflHopoflHoe, a «MepTBbiH» o6i>eM HOHH3anMOHHofi 

KaMepbl MHHHMajieH. IIpH 3TOM 3JieKTpOHH H HOHbl nOCJie HOHH3BHHH flBHatyTCJI B 3KBHn OTeH- 

imanbHOM npocrpaHCTBe Meatfly aHOflOM 6 h centon 17, a TaKate b oflHopoflHOM sjieicrpHHe- 
ckom none Meatfly centoS 17 h KaTOflOM 5 aHanorHHHO flBHateHiMM Meatfly nnocKOcraMH 6 h 7 
h nnocKOcraMH 7 h 5 b njia3MeHH0M pa3pafle Ha G>Hr.l. IIosTOMy 3flecb TaKate npHMeHHMa 
tJ>opMyjia (9) flJM HaxoatfleHHa no BOJibT-aMnepHofi xapaicrepHCTHKe KOJiHiecTBa sjieiopoHOB c 




onpejjejieHHofi xapaicrepHCTHHecKOH SHeprnefi, B03HHKaioiimx npH HOHH3aimH aroMOB hjih 
MOJieKyji npHMecefi- IIpH Hcnoju>30BaHHH ajm HOHH3aimn 4>otohob, KOHueHTpamiH oSHapy- 
5KCHHBIX npHMecefi onpeaejanoT no hx H3BecTHBiM ceneHHtfM <|)OTOHOHH3aimH a, p , H3MepeHHO- 
My noTOKy <J)otohob Jh ajihhc npo6era 4>otohob b npocrrpaHCTBe Me^c^y aHoaoM 6 h cctkoh 
17: 

N d =I ed /(e - A • otp • J - D) (12) 

a K03<i><f>HUHeHT,4 JEJonOJIHHTCJlBHO yMHOHCaeTCfl Ha K034>4)HUHeHT np03paHHOCTH CCTKH 17. £e- 

Teicrop TaioKe mohcho npoKajin6poBaTB, aoSaBHB k 6y<J>epH0My ra3y H3Bec™yK) npHMecB c 3a- 

flaHHOH KOHUeHTpatCHeH. 

B OTJIHHHe OT IUia3MH, Tfle yKa3aHHBIH TOK MOECHO H3MCp^lTB TOJIBKO B nOCJieCBeHCHHH H 

tojibko noKa #e6aeBCKHfi pajmyc ruia3MBi (5) MHoro MeHBine xapaicrepHoro pa3Mepa HOHH3a- 
imoHHofi KaMepBi, b AaHHOM BapnaHxe tok MoacHo HenpepBiBHo H3MepHTB Bee to BpeMH, noKa 
npOHcxoOTT HOHH3auH)i aTOMOB hjih MOJieKyji npHMecefi npn o6jiyneHHH HeihpajiBHBiMH 

HaCTHUaMH 16. 

Taioiee, corjiacHO npczyiaraeMOMy H3o6peTeHHK), mo^cho ncnojiB30BaTB juiz HOHH3auHH 
aTOMOB hjih MOJieKyji npHMecefi 4>otohbi, pe30HaHCHBie jyia aTOMOB 6y4>epHoro ra3a b HOHH3a- 

IXHOHHOH KaMepe. IIpH 3T0M B03paCTaeT 3<J>(|>eKTHBHOCTB HOHH3aitfiH 3a CHeT yBeJIHHeHHH ,ojih- 

hm npo6era $OTOHa b HOHH3auHOHHofi KaMepe h flonojiHHTejiBHofi H0HH3auHH npHMecefi 3a 
cneT CTOJiKHOBeHHfi c pe30HaHCH0-B036y>KA^HHBiMH aTOMaMH ocHOBHoro ra3a. 

KpoMe Toro, npH hhtchchbhoh HOHH3auHH npHMecefi b npocTpaHCTBe Meacjjy cencofi 17 

H aHOflOM 6 MOECeT 06pa30BaTBCH 3HaHHTeJIBHBIH o6*BeMHBIH 3apflfl nOJIOMCHTejIBHBIX HOHOB, He 

ycneBaionmx peKOMSHHHpoBaTB Ha cTeHKax h 3Jieicipoflax HOHH3aunoHHoft KaMepBi. 3tot o6*b- 
eMHBifi 3ap^m 6yzjeT HapymaTB 3KBHnoTeHimajiBHocrB yKa3aHHoro npocnpaHCTBa h npHBo^HTB 
k HCKa^ceHiwM (cOTHiy h pa3MHBaHHK>) pacnpeaejieHHH <|)OT03JieKTpoHOB no 3HeprHH. Bo H3- 
6eacaHHe 3Toro KOMnBioTep 1 1 MoaceT KOHipojinpOBaTB tok Ha KaToa 5, HanHHaa c MOMeHTa 
BKJuoneHHfl HCTOHHHKa HOHH3auHH 15. Ecjih 3tot tok b TeneHHe onpe^ejieHHoro HHTepBajia 




BpeMeHH upeBMiuaeT 3aAaHHBifi npe^eji, to npeicpamaioT HOHH3auHK> b npocipaHCTBe Meauiy 
cexKofi 17 h aHOAOM 6, HanpHMep, BBiKJnoHa# hctohhhk 15. 3axeM c noMoim>K> 3JieKTpHHecKHx 
KJuoneH npHKjiaABiBaiOT k aHOAy 6 oxpHuaTejibHWH noTeHUHaji, aHajiorHHHBifi noTeHUHajiy Ka- 
TOAa 5, othochtcjibho ceTKH 17 ao MOMeHTa y^aJieHHa hohob H3 npocxpaHCTBa MeacAy 3JieK- 

TpO^aMH. ^aJiee CHOBa B0306HOBJMK>T HOHH3aUHK), yMeHBIHHB KOHTpOJIHpyeMBIM o6pa30M 

noxoK <J)otohob ot HCTOHHHKa 15. YKa3aHHBiH npeAeji aji* kohtpojw TOKa onpeAejiaerca koh- 
qeHTpauneH hohob b npocTpaHCTBe Meatay ceTKOH 17 h aHOAOM 6, npn KOTopofi 06-bcmhbih 3a- 
p*A co3AaeT 3aAaHHtiH ypoBeHB Hcicaacaiomero aaeiopHHecKoro nonn b 3tom npocipaHCTBe, h 

MO^ECeT BBIHHCJMTBCfl TeOpeTHHeCKH HJIH nOA6HpaTfcCfl SKCnepHMCHTaJIBHO no Bbl6paHHOMy 

ypoBHio HcicaaceHHH cHraajia ot h3bccthoh npHMecn. 

Taicaee, KaK noKa3aHo Ha npHMepe <Dhi\3, b HOHH3auHOHHofi KaMepe c njia3Mofi noc;iec- 
BeneHHH KaTOA 5 moecho bbhiojihhtb H3 HecmjiBKHx (AO H30jiHpoBaHHBix Apyr ot Apyra cer- 
mchtob 19. HanpaaceHHe ajih 3aacHraHHH pa3p*Aa ot HMnyjiBCHoro 6noKa nHTaHHfl 13 noAaerca 
Ha Ka^cAMH cemeHT 19 ^epe3 ahoabi 20 aah toto, hto6bi b nocjiecBeneHHH H3Mep>m> tok Ha 
Ka^ABift H3 cenvieHTOB 19 otagjibho. IIpH 3tom Ha Ka^cAHH H3 cerMeHTOB 19 noAaioT b nocjiec- 
BeneHHH HHAHBHAyajiBHoe 3HaneHHe HanpjraceHHH, KOTopoe cKJiaABreaeTca H3 BBixoAHoro Ha- 
npjotceHHH EtATI 12 h Aejnrrejra HanpjDKemiH H3 pe3HCTopoB 21, noAKJHoneHHoro k HCTOHHHicy 
nHTaHHH 22. HoMHHanBi pe3HCTopoB 21 MoryT 6bitb nQAo6paHBi TaKHM o6pa30M, hto6bi 
pa3HOCTB noTeHUHanoB MeacAy coccahhmh cerMeHTaMH 19 cooTBercTBOBajia Bbi6paHHOMy uuary 
H3MepeHH« BOJiBT-aMnepHOH xapaicrepHCTHKH, npH 3tom HCKaMceHHa 3JieicrpHHecKoro nojia Ha 
rpaHfflxe Me^cAy coccahhmh cerMeHTaMH 6yAyr MHHHMajn>HHMH. Tok c KaTOAa 5 BBi3BiBaeT Ha 
Harpy30HHBix pe3HCTOpax 23 naAeHHa HanpflaceHHH, KOTopue H3MepnioTCH c noMOiiu>K>, HanpH- 
Mep, HaSopa aHanoro-uH^poBBix npeo6pa30BaTejieB hjih Ha6opa cxeM BH6opKH-xpaHeHHH, 
noAKJHoneHHBix k MHoroKaHajiBHOMy aHajioroBOMy MyjiBranjieiccopy h AaJiee k AUJI, no 
onepeAH 06pa6aTBiBaioiAeMy CHraajiBi c 3thx cxeM BBi6opKH-xpaHeHHH. IIoAKJiioHeHHe k aHa- 
Jioro-UH4)poBBiM npeo6pa30BaTejiHM (hjih cxeMaM BBi6opKH-xpaHeHHfl) Ha Onr.3 noKa3aHo 




crpejiKaMH. JJpojiu 24 cjiyacaT ajih 3anmn>i H3MepHTenbHbix aenefi ot HMnyjibCHoro Hanpaace- 
hhh c 6noKa nHTaHHa 13. Bo3Mo>KHoe cMen^eHHe BOjn/r-aMnepHOH xapaicrepHCTHKH 3a chct na- 
jsfiimsi HanpaaceHHa Ha pesHcropax 21 MoaceT Gbitb ynTeHO Ha ocHOBaHHH 3aKOHa Oxia 
Sjiaroaap* h3bccthoh BejiHHHHe pe3HcropoB 21 h 23. 3TO'no3BOjiaer noJiynHTb cpa3y Hecxojib- 
ko ToneK Ha BOJitT-aMnepHofl xapamrepHCTHKe 3a own HMnyjibc TOKa ot 6jioKa 13 h yBejiHHHTb 
cKopocTb aHajiroa BiVpa3. YcTaHOBHB AOCTaTOHHoe KOJiHHecTBO cerMeHTOB 19 h noiiaB Haoop 
3HaneHHH Hanpn^ceHH^, cooTBeTCTByiotuHfl Bbi6paHHbiM ynacncaM cneiopa 3Heprafi ajieiopo- 
hob, mohcho npoBecra aHajiH3 npHMecefi aaace 3a oahh uhkji pa3p*ma. 

TaioKe moecho ycTaHOBHTb b HOHH3aimoHHoft KaMepe N nap KaTOA 5 - anon 6, Kan noica- 
3aHO Ha <Dht.4. Ha Ka^cm>iH KaTOA 5 noflaior HHAHBH^yajibHoe Hanpa>iceHHe h cHHMaiOT vmnu- 
BH^ajibHoe 3HaneHHe TOKa b nocjiecBeHeHHH, a Bee aHOAH 6 coeAHHHKvr Apyr c ApyroM. 
MeyKjsy KaTOAaMH 5 h aHOAaMH 6, a Taicace c BHenmefl noBepxHocra KpatoHx 3JieicrpoAOB ycrra- 
HOBJieHH H30JWTopbi, KOTopwe win npocroTbi HTeHHfl nepTeaca He noKa3aHbi Ha <X>hi\4. Ecjih 
Heo6xoAHMo yMeHbniHTb pa3Mepbi Taicoro AeTeicropa, to KaacABift H3 KamaoB 5 MoaceT 6biTb 
BtinojiHeH b BHfle my* MeTanjiHMecKHX cjioeB c AH3JieicrpHHecKOH npoKJia^KOH Meacoy hhmh 

TaK, HT06bI KaHCAblH H3 yKa3aHHHX MeTaJIJIHHeCKHX CJIOeB BbinOJIHHJI 4>yHKUHK) OT^ejibHoro Ka- 

TO^a c no^KJHOHeHHofi k HeMy HHAHBHAyajibHoft H3MepHTejibHofl uenbio. 

Ha <Dht.5 noKa3aHa HOHH3auHOHHaa KaMepa, b KOTopofi Me>KAy KaTOAOM, coctohhihm H3 
N cemeHTOB 19, h aHOAOM 6 ycrraHOBJieHa cenca 17 mm aHajiH3a aneiopoHOB, o6pa3yK>nmxcH b 
npoMe^cyTKe Meacfly aHOAOM 6 h cerceoH 17 npn B03fleficTBHH nacnm ot BHeumero HCTOHHHKa 
15 (Ha <Dht.5 He noKa3aH) aHanoranHO BapHaHTy mix oahoh napw KaTOA 5 - aHOA 6, npHBeaeH- 
HOMy Ha <I>ht.2. 3to TaraKe no3BOJiaeT yBejnrraTb CKopocTb aHanH3a b Afpa3. 

Ha <Dhi\6 noKa3aHa HOHH3auHOHHaji KaMepa, b KOTopofi MeacAy N napaMH KaTOAOB 5 h 
aHOAOB 6 ycTaHOBjieHH cencH 17 Ana aHajiH3a sjieKTpoHOB, o6pa3yK>mHxca b npoMeacynce Me- 
TKjsy KaaoobiMH H3 aHOAOB 6 h ceroK 17 npw bo3achctbhh Hacrau ot BHeuiHero HCTOHHHKa 15 
(Ha Oht.6 He noKa3aH) aHajioraHHo BapHaHTy rjisl oahoh napbi KaTOA-aHOA Ha <DHr.2. JSjia 



yMeHMiierom pa3MepoB Aereicropa mom 5 MOiyr Taione 6bm> BwncwiHeHH b bhjxc OTSjieicrpH- 
Ka c ABycTopoHHefi MeTajuiH3HpoBaHHofl noBepxHocn>K), KaK oracaHO win BapnaHTa Ha <Dhi\ 4. 

Taicace, KaK noKa3aHo Ha Oht.7, mchkho b KanecTBe npHMecH aHanH3HpoBaTb cocTaB Ma- 
TepHajia o6pa3ua-MmiieHH 25, pacnbumeMOH noa BosaeficrBHeM aonojiHHTejibHoro HcroHHHKa 
SHepniH. JJjw 3Toro b o6pa3ue 25 4>opMHpyK>T njiocKyio iuuiHH^HHecKyio ruiomaflKy 26 (Ha- 
npHMep, c noMomtio $pe3bi) h y CTaHaBji HBaiOT Ha HeiUopnyc aHaiiH3aTopa 27, BbinanHeHHbiH 
H3 arojieicipHKa 28. B Kopnyce aHajimaTopa 27 ycTaHOBjieH uhjihh^phhcckhh ajieinpoa 29 c 
nJiocKHM topuom, o6pameHHbiM k noBcpxHocTH njioma^KH 26. npoTHBonoji05KHbii} Topeu 
ajieKipo^a 29 noKptiT raojiaTopoM 30, nepe3 kotopbih nponymeH H30JiHpOBaHHBiH 3JieKTpHne- 
ckhh bboa 31, BtixonHmHH Hapyacy Kopnyca aHanH3aTopa 27. CHapyacn Kopnyc aHajiH3aTopa 
27, BKmonan noBepxHOCTb, KOHTaKrapyioiiQao c njioma^Koft 26, noKpbrr MeTajuiHHecKOH 060- 
jiohkoh 32. K Kopnycy aHajra3aTopa 27 noacoeflHHeH pe3epByap 33 c 6y<J)epHbiM ra30M nepe3 
pe^Krop c imanaHOM 34. Ey<J>epHbifi ra3, HanpHMep, rejinfi hjih HeoH, no^ae-rca noa hckoto- 

PBIM H36MTOHHHM AaBJieHHCM B KOpnyC aHajIH3aTOpa 27 H BHXOflHT Hapy^cy Hepe3 OTBepCTHH 

35 b Kopnyce aHanH3aTopa, KaK noKa3aHo crpemcaMH. Ilpn 3tom H3 npoMe^cynca Meacfly ajieK- 
tpoaom 29 h noBepxHOCTbio njiomajpcH 26 aTMoc4>epHfiie ra3bi bhtcciwiotch noTOKOM 6y$ep- 
Horo ra3a, HMeiomero Heo6xo,aHMyK> ajw 3Toro cKopocrb TeneHHfl. 3tot noTOK 6y4>epHoro ra3a 
TaKEee npenHTCTByeT oSparaoMy nona^aHHio aTMoc<|>epHbix ra30B b yKa3aHHbifi npoMe^cyTOK. 

B KanecTBe B03aeHCTBHa Ha o6pa3eu 25 aonojiHHTejibHoro HCTOHHHKa 3HeprHH MoaceT 
Hcnojib30BaTbCH TepMHHecKHH HarpeB noBepxHocra o6pa3aa, jia3epHoe o6jiyneHHe hjih, b Kane- 
cTBe HaH6ojiee npocToro cnoco6a, HMnyjibCHbm ra30BWH pa3p*A, b kotopom pojib Karo^a bh- 
nojiHHeT itnomaAKa 26 b nccjiej^yeMOM o6pa3ije. Ha ajieiopoA 29 npn 3tom no^ae-rca TaKofi 
HMnyjibc HanpaaceHHH nojioacHTejibHofi nojiapHocra ot 6noKa nHTaHHH 36, htoSm njioTHOCTH 

TOKa B pa3pjme 6bIJIO AOCTaTOHHO AJIH C03AaHHH Heo6xoOTMoii £JM fleTeKTHpOBaHHfl KOHUeH- 

TpauHH aTOMOB o6pa3ua b npoMeacyrKe Meacay 3JieiapoflOM 29 h onomaAKOH 26. Ilpn stom ah- 
oa 24 3aKpbiT h 3amnmaeT H3MepHTejibHyio uenb H3 pe3HCTopa 9, ycHJiHTeJifl c AUJI 10 h U.ATI 
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12 or HMnyjifcca HanpaaceHHa 6jioica 36. C 3£mep>KKOH nocjie oKOHHamw HMnyjibca tokh ot 
6noia 36, He npeBtmiaiomeH BpeMCHH jkhshh pacnHJieHHHx aTOMOB oTHocHTenbHo oceaaHiia 
hx Ha cremeax h sjieiopoflax aHajiH3aTopa, H a ajiempoa 29 nonaeTca nojioacHTejibHoe Hanpa- 
acerae ot I^An 12 nojx. ynpaBjieiraeM KOMnbioTepa 11. 3&luhthmh won 24 oncpbiBaerca h H3- 
MepaeTCfl tok Ha sjieiopoa 29 c noMombio pe3HCTopa 9 h ycHJiHTejw c Aljn 10. Komhmotcp 1 1 
TaiQKe ynpaajweT HwnyjibCHbiM 6jiokom nHTaHHa 36 h peflyicropoM c KuanaHOM 34. Efocjie 
BKmoHeHHS noTOKa 6y$epHoro ra3a c noMombio 6jioica nHTaHHa 36 aaeTca HeKOTopoe KOJiHHe- 

CTBO KMIiyjIbCOB TOKa ffSISi OHHCTKH nOBepXHOCTH IIJIOmaAKH 26 OT aflCOp6HpOBaHHbIX 3TMO- 

C(J)epHbix ra30B h 3arpa3HeHHfi ot HHcrpyMeHTa npn 4>opMHpoBaHHH iijiockoh rmomajocH 26, a 
3aTeM HaiHHaerca H3MepeHHe BOJibT-aMnepHofi xapaierepHCTHKH. Ecjih b cmcch, o6pa30BaB- 
meficH b npoMOKynce Meaczjy sjieierponoM 29 h njionwucofi 26: 

1 . 6yxyr npHcyTCTBOBaTB 3ap*DKeHHBie HacnmBi c tekhmh KOHuempauHeft h TeMnepa- 
Typoft, hto, corjiacHO (5), ,JQ(e6aeBCKHfi pa/myc 6y,aeT aocTaTOHHO Man. 

2. KOHueirrpaijHfl MeTacTaGHJiBHtix aTOMOB 6y4)epHoro ra3a 6y,aeT aocrraTOHHofi win 
Ha^e^cHoro aeTeieTHpoBaHHa 3JieicipoH0B c xapaKTepHCTHHecicofi 3Hepraefi nocjie B03aeficT- 

BH* AOnOJIHHTeJIBHOrO HCTOHHHKa 3HepraH 36, 

to moecho onpe^ejiHTb cocraB npHMecefi, KaK onncaHo BBime wn BapHaHTa Ha flfoar.l. Ecjih ojXr 
HO H3 nepeHHCJieHHBIX yCJIOBHH He bbhiojihcho, to b yKa3aHHofi cmcch mohcho 3aacenB wnoji- 

HHTeJIBHBIH HMItyJIBCHBIH ra30BBIH pa3p*A ffflX flOCTHECeHHa 3THX yCJIOBHH. TaK^Ce M05KH0 

no^BeprHyTB yKa3aHHyio CMecB B03fleftcTBHK> 4>otohoi* hjih MCTacra6HJiBHBix aTOMOB h npoH3- 
Becra aHajiH3 no cxeMe c AByM* 3JieKrpo;jaMH h cctkoh, onncaHHofi bbiiuc IIpH 3tom no^ana 
aHajiH3HpyeMofi cmcch b HOHH3aimoHHyio KaMepy AOJiacHa 6bitb AOCTaTOHHo 6fcicTpofi, hto6bi 
3a,aepKKa Me*my npoueccoM pacnBUieHHa o6pa3ua h aHaiiH30M cocraBa o6pa30BaBiiiHxcfl npH- 
Mecefi He npeBBunajia BpeMeHH HCH3HH aTOMOB pacnwjieHHBix npHMecefi b 6y4>epHOM ra3e otho- 

CHTeJIBHO HX OCeflaHHfl Ha CTeHKH. 




Ha <Dhi\8 H3o6paaceHa cxeMa turn aHajiiwa 3jieMCHTHoro cocTaBa acHflKoro hjih ra3oo6- 
pa3Horo o6pa3ua. IIotok 6y4>epHoro ra3a, KaK npaBHjio, HHepraoro ra3a, H3 pe3epsyapa 33 ne- 
pe3 peflyierop c KJianaHOM 34 nociynaer b cMecHTejibHWH y3eji 37, rae CMeuiHBaerca c noTOKOM 
aHajiH3HpyeMoro o6pa3ua, noflBoa Karoporo noKa3aH crpeiiKoiL flajiee, KaK noKa3aHo nyHK- 
^pHbiMH cTpejiKaMii, noTOK cMecH noAaioT no och KaTyniKH reHepaTopa HanyKTHBHo- 

CB*3aHHOH (ICP) nJia3MM H3BeCTHOH KOHCTpyKUHH, BHJKH 38 3TOH KaiyUIKH noKa3aHBi Ha pa3- 

pe3e. IIotok 6y$epHoro ra3a H3 CMecmrejjBHoro y3Jia 37 aojraeH hmctb CKopocxt, jxocTaTOHHyio 
turn Toro, hto6bi npeiurrcTBOBaTB nonanaHHio aTMOc(|>epHoro ra3a b npHoceByio o6jiacTb Ka- 
TyniKH. TeHepaTop im,oyKTHBHO-cBfl3aHHOH njia3MBi co3AaeT BHyTpH bhtkob KaTyniKH 38 bbjco- 
KOHacTOTHBift pa3paa TaKOH MomHocm, hto 6y(J)epHMH ra3 b npnoceBOH o6jiacro npno6peTaeT 
TeMnepaTypy b HecKOUBKO tbichh rpa^ycoB h o6ecneHHBaeT TepMHnecKoe pa3Jio>KeHHe MOJieKyji 
o6pa3ua Ha cocrraBJiHiomHe btombi. 3oHa bbicokoh TeMnepaTypBi noKa3aHa KOHTypoM 39 Ha 
Oht.8. ^ajiBine b noTOKe pa3MemaK>T, no KpaftHeii Mepe, oflHy napy KaTO^ 5 - anon 6 h noa- 
KJiioHaioT k CHCTeMe peracTpamm, aHajioranHoS npHBeaemiBiM Ha Oht. 1,3,4, h He noKa3aHHOH 
Ha Oht.8. Bmccto stoto TaioKe MoaceT 6bitb ycrraHOBjieHa napa sjieiopo/joB 5,6 c ceTKOH Meac- 
ny hhmh no cxeMe, aHanorHHHOH cxeMaM Ha Onr.2,5,6. PaccToaHne Meayjy 3ohoh 39 h arreK- 
TpoflaMH 5,6 BBiGnpaeTCH TaKHM o6pa30M, hto6bi, c oahoh ctopohbi, TeMnepaTypa noTOKa b 
pafioHe 3Jieiopo^oB yace ^ocrraTOHHo CHH3HJiacB bo H36e^caHHe hx pa3pynieHHfl, a, c apyroft 
ctopohbi, hto6m aTOMBi o6pa3ija eme He ycnejiH peKOMGHHHpoBaTB b MOJieKyjiBi. SjieicrpoflBi 

BBinOJIH^IOT H3 XHMHHeCKH HHepTHOTO MeTaJIJia, CnOCOSHOTO BBWep>KHBaTB AOCTaTOHHO BBICO- 

Kyio TeMnepaiypy. BHeniHHe noBepxHocrH 3JieiapoflOB h noABOflamne npoBOfla 3amHmaK>T c 
noMomBio KepaMHHecKHx H30JiHTopoB 40. H3MepeHHe BOJiBT-aMnepHOH xapaicrepHCTHKH h on- 
peaejieHHe cocrraBa o6pa3ija nocjie aTOMH3aijHH npoH3BOAOT corjiaciio o^HOMy H3 onHcaHHBix 

BBIine BapHaHTOB C nOHCHeHHHMH Ha OhT.1-6. KpOMe TOrO, BBICOKOHaCTOTHBIH pa3pHfl MOHCeT 

» 

BBi3HBaTB 3JieKTpOMarHHTHBie noMexH joyiH pa6oTBi cxeM peracrpauHH BOJiBT-aMnepHOH xapaK- 
TepHCTHKH, nosTOMy win ycipaHeHHe noisiex mo>kho HcnojiB30BaTB HMnyjjBCHo-nepHOflHHecKHH 



peaoiM pa6oiw reHeparopa HH^KTHBHO-cBa3aHHOH iuia3Mw h H3MepeHHe xoica Ha sjkskij 
5,6 b npoMejKyncax Meacny HivinyjibcaMH reHepaTopa. 

IlpeanaraeMoe H3o6peTeHHe momcho Hcnojib30BaTb fljra aHajiiwa aocTaTOHHo 
npoH3BOJii>HOH CMecH rasoB, HanpHMep, ,no6aB.nafl b Hee noflxoaamiiH hhctmh GycpepHbifi 
Tex nop, noKa HCxojjHyio ciuecb mojkho 6yner paccMarpHBaTb yace KaK npwuecb k 
^o6aBJieHHOMy 6y<J>epHOMy ra3y. 
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<DopMyjia H3o6pereHHfl 



^Lj Cnoco6 aHajiH3a npHMecefi b ochobhom ra3e, 3aKJiioHaiomHHCfl b tom, hto HOHH3HpyK)T 
aTOMBi hjih MOJieicyjiLi npHMecefi npn ctojikhobchhhx c HacrauaMH onpe^ejieHHoii sHepniH b 
HOHireaimoHHOH KaMepe h H3MepflK)T tok Ha oahh H3, no KpaHHeK Mepe, AByx sjieierpoAOB, Ha- 
xoahiuhxch b yKa3aHHOH KaMepe, b 3aBHCHMOcra ot ftpHjio^ceHHoro MeacAy ajieicrpcxaaMH Ha- 
npaacemw, oTJiHMaiomHHCH TeM, hto ziaBJieHHe ocHOBHoro ra3a h npocTpaHCTBeH Hy 10 

KOH^HrypaUHK) HOHH3aUHOHHOH KaMepbl BSl6HpaK>T TaK, HT06B! paccTo^HHe ot jiio6oh TOM KM 
BHyTpH HOHH3aUHOHHOH KaMepBI AO 6iIH>KaHlUeH CTeHKH HJIH OjlHOrO H3 yKa3aHHL!X 3JieKTpOAOB 

6blho MeHbuie cpeAHefi ajihhbi nepeMemeHHfl 3JieierpoHOB ao MOMeHTa noTepn 3ajiaHHOH aojih 

KHHeTHHeCKOH 3HeprHH, 06ecne4MBaK)T 3KBHnOTeHUHaJIBHOCTB TOH 06jiaCTH IlpOCTpaH CTBa HO- 
HH3aimOHHOH KaMepBI, rae npOHCXOA*T HOHH3HpyK)n|He CTOJIKHOBeHHH, no 3aBHCHMOCTH TOKa 

ot npmiOHceHHoro MeacAy sjieiopoAaMH HanpJDKeHHfl onpeAejunoT kojihhcctbo sneicrpoHOB c 

xapaicrepHCTHHecKHMH 3HaneHHflMH 3HeprHH 5 B03HHKaK>mHX npH HOHH3aixHH yKa3aHHtix aTO- 

» 

mob hjih MOJiexyji, cyAHT o cocTaBe npHMecefl no napaMeTpaM arax 3JieiapoHOB. 

2. Cnoco6 no n.l, OTJinnaioiAHHCfl TeM, hto b KanecTBe ochobhoix) ra3a HcnoJiB3yioT HHepT- 
hbih ra3. 

3. Cnoco6 no n.2, OTJiHHaronjHHCfl TeM, hto b KanecTBe ocHOBHoro ra3a HcnoJ3B3yioT rejiHH. 

4. Cnoco6 no n.n.1-3, OTJiHHaiomHHCH TeM, hto HcnojiB3yiOT ochobhoh ra3 npn AaBJieHHH ot 
10 ao 10 5 IlaHBBnne. 

5. Cnoco6 no n.n.1-4, OTJinnaionjHHCfl TeM, hto npitnoaceHHoe Hanpn^ceHHe MeacAy yica3aHHBi- 
mh 3JieiopoAaMH H3MeHHK)T b AHana30He ot 0 ao nopora HOHH3aijHH ocHOBHoro ra3a, a mnHne- 
ctbo 3JieicrpoHOB c xapaicrepHCTHHecKHMH 3HaneHHHMH sHepran onpeAejraiOT no BTopoft 
npoH3BOAHOH 3aBHCHMOCTH TOKa ot npHjio>KeHHoro HanpaEceHHfl. 

6. CnocoS no n.n.1-5, oTJinnaiomHHCfl TeM, hto aha co3AaHHH 3KBHnoTeHUHajiBHOCTH yKa3aH- 

HOH 06jiaCTH npOCTpaHCTBa HOHH3aiJHOHHOH KaMepBI HCnOJIB3yK>T HMnyjIBCHBIH HCTOHHHK 

3HeprHH AJia o6pa30BaHHa b HOHH3auHOHHOH KaMepe njia3MBi nocjiecBeneHHfl, aTOMBi m/ih mo- 




jieicyJiBi npHMecefi H0HH3HpyK>T b nJia3Me nocjiecBeneHitfl npn ctojikhobchhhx c MeTacraSnjib- 

HBIMH aTOMaMH HJIH MOJieKynaMH OCHOBHOrO ra3a, 06pa3yK)IUHMHCfl npH BO3J0ieHCTBHH yKa3aH- 

Horo HMnyjibCHoro HCTOHHHKa 3HepraH, yKa3aHHMH tok H3MCpHK)T c 3a^ep5KKOH nocjie 
B03fleHCTBHfl yKa3aHHoro hm nyjiBCHoro HCTOHHHKa 3HeprHH, npw stom o6ecneHHBaK>T Taicyfo 
KOHueHTpauHio h TeMnepaTypy 3ap5DKeHHbix Hacraij b yica3aHHOH nna3Me nocJiecBeneHH* b 
momcht H3MepeHHH, hto ,ZJe6aeBCKHH pa;myc MHoro MeHBiiie xapairrepHbix pa3MepoB HOHH3a- 
uhohhoh KaMepw. 

7. Cnoco6 no n.6, OTJiHHaiomHHCfl tcm, hto b KanecTBe yKa3aHHoro HMnyjibCHoro HCTOHHHKa 
3HepraH Hcnojib3yK>T HMiryjibCHHH ra30BMH pa3p*fl Me>KAy y K33aHH biMH sjieicrpo^aMH. 

8. Cnoco6 no n.6, OTJiHHaiomHHCH TeM, hto b KanecTBe yKa3aHHoro HMnyjibCHoro HCTOHHHKa 
SHepnra Hcnojib3yK)T HMiiyjibCHoe Jia3epHoe H3JiyneHHe, co3ziaK>mee njia3My Me>icay yKa3aH- 

HblMH 3JieKTp0flaMH. 

9. Cnoco6 no n.n.6-8, OTjiHHaiomHftca TeM, hto HOHH3HpyiOT aTOMbi hjih MoneKyjiw npHMecen 
npn o6jiyneHHH nJia3Mbi nocjiecBeneHHfl (fcoTOHaMH 3aaaHHOH 3Hepn»H ot BHeuiHero hctohhh- 
Ka. 

10. Cnoco6 no n.9, oTjiHHaiomHHca TeM, hto HOHH3HpyK)T aTOMbi hjih MOJieKyjibi npHMecefi npH 
oGjiyneHHH 4>oTOHaMH, pe30HaHCHbiMH ana aTOMOB hjih MOJieieyn ochobhoto ra3a. 

11. Cnoco6 no n.n.1-10, OTJinnaioiUHHCH tcm, hto Hcnejib3yK)T yKa3aHHbie sjieicrpoAbi njiocKofi 
4>opMH, pacnoJio^ceHHbie napajuiejibHo jspyr apyry h pOTOBpeMeHHo BbinoJiHHiomHe pojib crre- 

HOK HOHH3aUHOHHOH KaMepbl. 

12. Cnoco6 no n.n.1-11, OTJiHHaiomHHca TeM, hto b HOHH3aiiHOHHOH KaMepe y CTaHaB ji h BaK)T N 
H30jiHpoBaHHbix KaTO^OB, Ha Kaacflbifi ^3 KOTOpbix no^aiOT HH^HBHAyaJibHoe 3HaneHHe Hanpn- 
^ceHHH oTHocHTejibHO o^Horo hjih HecKOJibKHx aHO^oB, H3MepaioT tok Ha KaacflbiH H3 yica3aH- 
Hbix N KaTOAOB, no coBOieynHOCTH H3MepeHHbix 3HaneHHH TOKa HaxojmT KOJinnecTBO 

3JieKTp0H0B C XapaKTepHCTHHeCKHMH 3HaHeHH^MH SHepTHH, B03HHKaK)mHX npH HOHH3aUHH 

yKa3aHHHx aTOMOB hjih MOJieKyji npHMeceii. 




13. Cnoco6 no n.n. 1-5, oxnHHaiomHHCA tcm, hto pa3MemaiOT npoBOAflmyio cerKy MOKAy yna- 

3aHHHMH 3JieKipOAaMH H SJICKTpHHCCKH COCAHHHfOT ee C aHOAOM C03AaHHJI SKBHnOTeHItfi- 

ajitHoro npocrpaHCTBa MeacAy hhmh, HOHH3HpyK>T 'aroMBi hjih MOJieKyjiBi npHMecefi npH 
oCJiyneHMH npocrpaHCTBa MeacAy cctkoh h aHOAOM hqhtp&jibhbimh nacTHuaMH 3aAaHHOH 3Hep- 

THH OT BHeiUHerO HCTOHHHKa. 

14. Cnoco6 no n.13, OTJinnaioiUHHCH TeM, hto HcnojiB3yK>T yica3aHHbie sjieicrpoABi h cerKy ano- 
ckoh 4>opMti h pacnojiaraiOT hx napajuiejiBHO jxpyr Apyry, npH 3tom yKa3aHHBie sjieKipoABi oa- 

HOBpeMeHHO HCnOJIb3yiOT B KaHeCTBe CTCHOK HOHH3aiJHOHHOH KaMCpBl. 

15. Cnoco6 no n.n. 13-14, OTJiHHaiomHHCfl tcm, hto HOHH3HpyK)T aTOMBi hjih MOJieicyjiBi npHMe- 
cen npH oGiiyneHHH <J>OTOHaMH, pe30HaHCHMMH turn aTOMos ochobhoto ra3a. 

16. Cnoco6 no n.n.13-15, orjiHnaiomHHCfl TeM, hto KOHTpojiHpyioT 3apaa, nonaBninft Ha KaTOA, 
npn npeBBinieHHH 3aAaHHoro 3HaneHHfl 3Toro 3apn«a BBimiioHaioT yKa3aHHBift bhcuihhh hctoh- 
hhk h npHKjiaABiBaioT 3JieiopHHecKoe nojie ao MOMeHTa yAaJieHHH 3apaaceHHBix nacTHU H3 npo- 
cTpaHCTBa MeacAy sjieiopoAaMH, a 3aTeM CHOBa BKJUOnaiOT bhcihhhh hctohhhk h H3MepeHHe 

TOKa. 

17. Cnoco6 no n.n. 13- 16, OTJinnaioiUHHCfl TeM, hto b HOHH3auH0HHOH KaMepe ycTaHaBJiHBaiOT 

N H30JIHpOBaHHBIX KaTOAOB, Ha KaXCABIH H3 KOTOpBIX nOAaiOT HHAHBHAyaJIBHOe 3HaHCHHe Ha- 
npH^CeHHH OTHOCHTeJIBHO OAHOTO HJIH HeCKOJIBKHX aHOAOB H COOTBeTCTByiOIUHX OAHOH HJIH He- 
CKOJIBKHX CeTOK, H3MepflK)T HHAHBHAyaJIBHO TOK Ha KaHCABIH H3 yKa3aHHBIX N KaTOAOB, no 

coBOKyiiHOCTH H3MepeHHBix 3HaneHHH TOKa HaxoAflT KOJiHHecTBo 3JieiapoHOB c xapaicrepHCTH- 

HeCKHMH 3HaHeHH)IMH 3HepTHH, B03HHKaK)mHX npH HOHH3aUHH yKa3aHHBIX aTOMOB HJIH MOJie- 

Kyji npHMeceft. 

18. Cnoco6 no n.n.1-17, OTjinnaioiUHHCH TeM, hto b KanecTBe npHMecn aHajiH3HpyiOT cocTaB 
MaTepnajia mhujchh, pacnBijiaeMOH bo3A6Hctbhcm AonojiHHTejiBHoro HCTOHHHKa 3Heprnn, npH 
3TOM o6ecnenHBaK)T nocTynneHHe npHMecn b HOHH3auHOHHyio KaMepy b cmcch c ochobhbim 
ra30M. 
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19. Cnoco6 no n.18, otjihheioiuhhch tcm, hto HcnojiKjyioT yKa3aHHyio mhuichb b KanecrBe Ka- 
TOAa, pacntuiHeMoro npenBapHTenbHMM ruia3MeHHBiM pa3pHAOM, 3aacHraeMbiM c noMombio 
yKa3aHHoro AonojiHHTejibHoro HCTOHHHKa 3HepraH. 

20. Cnoco6 no n.n.1-19, OTJiHHaiomHHCH TeM, hto MOJieicyjibi npHMeceft npeABapHTejibHo noA- 
^praioT fluccouHaiiHH na aTOMw b AonojiHHTejibHOM n;ia3MeHH0M pa3p*Ae h npoH3BOA*T aHa- 
J1H3 aTOMapHoro cocraBa npHMeceft. 



21J HoHH3auHOHHHH ^eTCicrop cocTaBa npHMeceft b ochobhom ra3e, BKJiiOHaiomHiS HanojiHeH- 
HyK) yKa3aHHBiMH ra3aMH H0HH3aijHOHHyio KaMepy c, no KpaftHefi Mepe, n&yMn sjieicrpoaaMH, 

HCTOHHHK 3HeprHH, C03AaK>IAHfi HaCTHJUBI C 3aflaHHOH 3HeprHeH Win HOHH3aUHH aTOMOB HJIH 

MOJieKyji npHMecH, H3MepHTejn>Hyio cncTeMy, noAKjnoneHHyio k oAHOMy H3 3jieierpoAOB j\na 
peracTpauHH TOKa b 3aBHCHMocra ot Hanpa>KeHHfl, npHJioaceHHoro Mea<Ay sjieicrpoAaMH, otjih- 
Haionmftca TeM, hto aaBJieHHe ocHOBHoro ra3a h npocTpaHCTBeHHa* KOH^HrypauHa HOHH3auH- 

OHHOH KaMepBI Bbl6paHBI TaK, HT06bI paCCTO^HHe OT JIK>6oft TOHKH BHyTpH HOHH3aLtflOHHOft 

KaMepw ao SjiHacaftmeft cTeHKH hjih oahoto H3 yKa3aHHbix 3JieierpoAOB 6bmo MeHbine cpeAHeft 
AJihhbi nepeMemeHHfl sxreicrpoHOB ao MOMeHTa noTepH 3aAaHHofi aojih KHHeTHHecicofi 3HepraH, 
oSecneneHa 3KBHnoTeHUHajibHocTb Bceft o6jiacTH HOHH3aimoHHoft KaMepbi, r^e nponcxoAHT 
HOHH3auna npHMeceft, a H3MepHTejibHaa cHCTeMa BbipojiHeHa c B03Mo>KHocxbio onpefleneHHa 
KOJninecTBa 3JieicipoHOB c xapaicrepHCTHHecKHMH 3HaneHHHMH 3HeprHH, B03HHKaiomHx npH 
HOHH3aaHH yKa3aHHHx npHMeceft. 

22. HoHH3auHOHHbift AeTeicrop no n.21, OTJiMHaiomnficH TeM, hto b KanecTBe ochobhoto ra3a 
Hcnojib3yeTCH HHepTHbift ra3. 

23. HoHH3auHOHHBift AeTeicrop no n.22, OTJiHHaiomHftcfl TeM, hto b KanecTBe ochobhoto ra3a 
Hcnojib3yercH rejiHft. 

24. HoHH3auHOHHbift Aereierop no n.n.21-23, OTJiKHaiomnficji TeM, hto AaBJieHHe ochobhoto ra- 
sa cocTaBJiaeT ot 10 ao 10 5 Ila h Bbime. 





25. HoHH3aimoHHMH AeTeicrop no n.n.21-24, otjihh aiomniicfl tcm, npnjioaceHHoe HanpjDKeHHe 
Me*ay yKa3aHHBiMH 3JieicipoAaMH H3MeHflercfl b /mana30He ot 0 ao nopora HOHH3aunn ochob- 
Horo ra3a, a yica3aHHafl H3MepnTejibHan CHCTeMa BwnoJiHeHa c bo3mohchoctbk> onpcaeiieHMfl 
BTopoH npomBOAHOH 3aBHCHMocTH TOKa ot npHJio>KeHHoro HanpH^ccHHH ajih onpeaaneHH* KO- 

JlHHeCTBa 3JieKTpOHOB C XapaKTepHCTHHeCKHMH 3HaHeHHHMH 3HeprHH. 

26. HoHH3aiiHOHHMH Aercicrop no n.n.21-25, oTJinnaiomHHCH tcm, hto b KaHecroe yKa3aHHoro 
HCTOHHHKa 3HeprHH ycTaHOBJieH HMnyjifcCHBitt reHepaTop iuia3Mbi nocjiecBeneHHfl b HOHH3auH- 
ohhoh KaMepe, H3MepHTejibHaa CHCTeMa BBinojiHeHa c BO3M0>KH0CTbio H3MepeHHa yKa3aHHoro 
TOKa c 3a^ep>KKOH nocjie bo3AChctbh5i yKa3aHHoro HMnyjiBCHoro reHepaxopa njia3Mbi, npH 3tom 
reHepaTop nna3Mw co3flaeT KOHijeHTpamno m eTacTaSHJiBHBix aTOMOB ocHOBHoro ra3a, aocTa- 
TOHHyio ajih perHcrpamm sneicrpoHOB c xapaierepHCTHHecKHMH 3Han chhhmh 3HeprHH, o6pa- 
3yK>mHxcH npw H0HH3aunn npHMecefi yKa3aHHBiMH MCTacTaGnjibHtiMH aTOMaMH, a Taicace 
Tanyio KOHueHTpaimio h TeMnepaTypy 3apfl2ceHHBix ^acrou b yica3aHHOH njia3Me nocjiecBene- 
hhh, hto k MOMemy H3MepeHHH TOKa fle6aeBCKHH paanyc Bee eme MHoro MeHbiue xapaicrep- 
hbix pa3MepoB HOHH3auHOHHOH KaMepbi. 

27. HoHH3aiiHOHHbifi actcktop no n.26, otjihh aiomHHcn tcm, hto yKa3aHHbiH hctohhhk 3Hep- 
thh o6ecneHHBaeT 3a»cHraHHe HMnyjiBCHoro ra30Boro pa3p*Aa Me>KAy yKa3aHHBiMH 3JieicrpoAa- 

MH. 

28. HoHH3aimoHHBiH AeTCicrop no n.26, OTJinnaioiimHCJi tcm, hto b KanecTBe yKa3aHHoro hc- 
TOHHHKa 3Heprnn ycTaHOBJieH HMnyjiBCHBiH Jia3ep, co3AaiomHH njia3My MeacAy yKa3aHHBiMH 

3JieKTp0AaMH. 

29. HoHH3auHOHHBiH R&ieKiop no n.n.26-28, oTjiHHaroiijHHCfl tcm, hto /yra HOHH3aimH aTOMOB 
hjih MOJieKyji npHMeceH b njia3Me nocjiecBeneHHH ycTaHOBJieH AonojiHHTejjBHBiH BHeniHHH hc- 
tohhhk (J)OTOHOB 3aAaHHOH 3H6pTHH. 

/ 



30. HoHH3aimoHHMH jj&TGKTop no n.29, OTJiHHaiomHHCH TeM, hto b KanecTBe yKa3aHHoro ao- 
nojiHHTCJiBHoro BHenmero hctohhhk& ycTaHOBjieH hctohhhk 4>otohob, pe30HaHCHwx juw aro- 
mob hjih MOJieicyji ocHOBHoro ra3a. 

31. HoHH3auHOHHWH AeTeKrop no n.n.21-30, OTJiHHaionjriHCH TeM, hto yica3aHHi>ie 3JieiopoAbi 
bhuojihchbi iuiockoh <}>opMBi, pacnojio>KeHbi napajuiejiBHo Apyr Apyry h BbinojiHJHOT pojib cnre- 

HOK HOHH3aimOHHOH KaMeptl. 

32. HOHH3aUHOHHMH ACTeKTOp nO n.n.21-31, OTJIHHaiOIAHfiCH TeM, HTO B HOHH3aUHOHHOH KaMe- 

pe ycrraHaBJieHO N H30JinpoBaHHbix KaTOAOB, Ha Ka>KAbiH H3 KOTopbix no^aHo HHAHBHAyajibHoe 
3HaneHHe HanpaaceHHH oraocHTejibHO eme oahoto hjih HecKOJibKHx o6iijhx aHOAOB, yKa3aHHaa 
H3MepHTejibHan CHcreMa BbinoJiHeHa c B03MO)KHOcrbK) HH^HBimyanbHoro H3MepeHna Toica Ha 
Ka»cm>iH H3 yKa3aHHbix N KaTOAOB b ssbhchmocth ot noaaHHoro Hanpa>KeHHH. 

33. HoHH3auHOHHbiH AeTeicrop no n.n.21-25, oTjranaiomHHca TeM, hto MeacAy yKa3aHHbiMH 
3JieiopoAaMH pa3MemeHa npoBOAflmaa cenca, 3jieiapHHecKH coeAHHeHHaa c aHOAOM juw co3- 
AaHira 3KBHnoTeHUHajibHoro npocnpaHCTBa Meacncy hhmh, a TaioKe ycraHOBJieH BHeniHHH hc- 
tohhhk HeiiTpanbHbix nacnm 3aaaHHOH 3HeprHH Tax, hto6bi aTOMbi hjih MOJieicyjibi npHMeceii 
H0HH3OBajiHCb npH o6jiyHeHHH npocTpaHCTBa MeacAy CCTKOH H aHOAOM. 

34. HoHH3auHOHHbiH AeTeicrop no n.33, oTJiKHaiomnficH TeM, hto yKa3aHHbie sjiercrpoAbi h ceT- 
Ka BHnojmeHbi nJiocKoii <|>opMbi h pacnojioaceHu napajijiejibHO Apyr Apyry, a yKa3aHHbie 3JieK- 

TpOAM AOnOJIHHTeJIbHO BbinOJIHHIOT pOJIb CTeHOK HOHH3aiJHOHHOH KaMepbl. 

35. HoHH3aiXHOHHbifi AeTeicrop no n.n.33-34, OTJinnaioiuHHca TeM, hto yKa3aHHbin bhcluhmh 
hctohhhk H3JiynaeT $OTOHbi, pe30HaHCHbie ajih aTOMOB hjih MOJieKyji ocHOBHoro ra3a. 

36. HoHH3auHOHHbiH Aereicrop no n.n.33-35, OTJinnaioiAHHCH TeM, hto yKa3aHHaa H3MepHTejib- 
Han CHcreMa BbinoJiHeHa c bosmohchoctbio KompoJia TOKa Ha KaTOA, a npH npeBHiueHHH 3aAaH- 
Horo 3HaneHHfl 3Toro TOKa b Aereicrope H3MepHTejibHajr CHcreMa o6ecnenHBaer BbiKjnoneHHe 
yKa3aHHoro BHenraero h cTOHHHKa, npHJioaceHHe 3JieKTpHHecKoro noun ao MOMeHTa yAajiemw 




3apjDKeHHBix nacnm H3 npocxpaHCTBa Me>K#y 3JieKTpoiaMH, a 3aTeM HOBoe BRjuoneHHe yiea3aH- 
Horo BHenraero HCTOHHHKa h H3MepeHHe TOKa. 

37. HOHH3aUHOHHBIH flereKTOp IIO n.n.33-36, OTJIHHaiOmHHCH TeM, HTO B HOHH3ailHOHHOH KaMe- 

pe ycTaHOBjieHO N H30JiHpoBaHHtix KaTOflOB, Ha Kaambifi H3 KOTopbix noaaHo HH^HBHuyajibHoe 

3HaHeHHe HanpJDKCHHH OTHOCHTeJIbHO OOTOrO HJ3H HeCKOJIbKHX aHOAOB H COOTBCTCTByiOlUHX 
OAHOH HJIH HeCKOJIBKHX CCTOK, yKa3aHHafl H3MepHTejlbHaa CHCTeMa BBinOJIHeHa C B03MOHCHO- 

ctbk) HH^HBHmyajibHoro H3MepeHH* TOKa na KancABiH H3 yica3aHHbix NlCaTOflOB. 

38. HOHH3aimOHHHH ^CTeKTOp n.n.21-37, OTJIHMaiOmHHCH TeM, HTO yCTaHOBJICH ilOnOJIHHTeJIb- 

hbih hctohhhk sHepnm, o6ecnenHBaiomHH nocrynjieHHe b HOHH3aimoHHyio KaMepy b KanecT- 

Be npHMecH k ocHOBHOMy ra3y pacnbiJieHHoro MaTepnajia mheuchh pjix aHanH3a ee cocTaBa. 

* 

39. HoHH3auHOHHbifi AeTeicrop no n.38, OTJiMHaioimmc^ TeM, hto yica3aHHatf MHnieHb ycrraHOB- 
jieHa b KanecTBe KaTOfla, pacnbuweMoro npeflBapHTejibHbiM nxra3MeHHbiM pa3pH#OM, 3a>KHrae- 

MHM C nOMOmbK) yKa3aHHOrO flOnOJIHHTeJIbHOrO HCTOHHHKa 3HeprHH. 

40. HoHH3aixHOHHBiH aeTeicrop no njn.21-39, oTjiHHaiomHHCH TeM, hto ycrraHOBJieH aonojiHH- 
TejibHMH hctohhhk njia3MeHHoro pa3p*ma, b kotopom MOJieicyjibi o6pa3ua npejiBapHTejibHo 
noABepraiOTca flHccoijHaijHH Ha aTOMbi njw aHanH3a b HOHH3auHOHHofi KaMepe 3jieMeHTHoro 
cocTaBa o6pa3ua. 
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PEOEPAT 

npe^naraeMtiH cnoco6 aHaJiH3a ra30B h HOHM3auHOHHbi8 AeTeKTOp juix ero ocymecrB- 

JieHHH OTHOCHTCH K CpCJD[CTBEM OnpefleJieHHfl COCTaBa ra30B*blX CMeceH H II03BOJIflK>T npOH3BO- 

^hts KanecTBeHHbiH h KOJiHHecTBeHHbiH aHanH3 npHMeceii b ochobhom ra3e. JleTeicrop MO^ceT 
paSoTaTb b nmpoKOM flHana30He aaBJieHHH ra3a BnjiOTb ao aTMOc^epHoro. Onpe,ae.neHHe npn- 
Mecefi ocymecTBJiHeTCH nyreM aHaJiH3a 3HeprHH 3JieicrpoHOB, o6pa3yioiimxcH npH HOHH3atiHH 
aTOMOB hjih MOJienyji npHMecefi npn crrojiKHOBeHHSx c nacTHuaMH onpeAejieHHofi SHepraH, b 
KanecTBe KOTopwx MoryT Hcnojib30BaTbCfl MeTacTa6HjibHbie aTOMbi hjih MOJieicyjibi ocHOBHoro 
ra3a, a TaioKe MOHOxpOMaiHHecKHe <|>OTOHbi ot BHeniHero HCTOHHHKa. AHajiH3 3HepraH 3JieK- 
tpohob, o6pa3yiomHxcH npH ctojikhobchhhx npHMeceft c MeTacrraGHJibHbiMH aTOMaMH b no- 
cJiecBeneHHH miasMw, 3aacHraeMOH Meagiy iijiockhmh aHO^oM h ica-ro^OM, ocymecTBJiflioT 
nyreM noJiyneHH^ BTopon npoH3BO^Hofi TOKa b 3aBHCHMOCTH ot npHJio>KeHHoro Hanpa>KeHHfl. 
Taioice ahh aHanH3a 3HepraH ajieicrpoHOB mchkho HcnoJib30BaTb flonojiHHTejibHyio cency Meacfly 

aHOflOM H KaTOflOM H, BMeCTO IUia3MbI, HCnOJIb30BaTb flJIfl HOHH3aUHH npHMecefi BHeiUHHH HC- 

tohhhk yjibipa^HOJieTOBoro H3JiyHeHHfl. PaccTOHHHe Me>Kj^y 3JieKipo^aMH h aaBJieHHe ra3a bh- 
6HpaiOT xaK, HTo6bi HCKaxceHHH H3MepeHHbix 3HaneHHH 3HeprHH 3JieicipoHOB He npeBbiniajiH 
3aaaHHbiH ypoBeHB. 
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